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THE   AB30apTlO»  Of  NITROafJR,    PHOSPHORUS,    .V'D   POTA3SI0M  BY 
P£I.iK3YLVAiaA  CiaAA-LEAff  TOBACCO  A3    ..iODIflED 

BY  ENVIROH^NTAL  CONDITIONS 


1.  -  Introduction 


PennsylTanla  aanually  has  a  tobacco  crop  valued  at 
several   million  dollars •     In  recent  years  federal  economic 
policies  have  tended  to  reduce  acreage  and  at   the  saae  ti^ae 
increase  the  price,    improve  the  quality,   and  maintain  the 
value  of  the  crop^      The  result   of  these  tendencies  en  be 
seen  by  an  inspection  of  Taole  A  which  shows  an  estimated 
reduction  of  twenty-six  thousand  acres  of  tobacco  harvested 
over  a  period  of  four  years    ^t   a  loss  of  approximately  one 

0 

million  dollars. 

Becaoise  of  the  present  limited  acreage  and  tae 
demand  for  a  better  grade  of  cigar^leaf  tobacco  at  a  hi^rher 


price,  it  has  been  deemed  advisable  to  investigate  the  effect 
01  tne  V  rious  fertilisers  on  the  yield  and  quality  of  this 
iinportant  crop.  This  Investigation  involves  specifically 
a  study  of  the  time-absorption  of  the  three  major  nutrients- 
nitrogen,  potassium,  and  phosphorus-by  the  growing  tobacco 
riant  under  the  influence  of  various  fertilizer  combinations. 


iji 


.,i 


!!•   -  Historica:]^ 


Tobacco  Investigations  in  Pennsylvania  were  in- 
itiated in  1J?93  by  Dr.  7/illl -ti  Frear  of  the  Pennsylvania 
Agricultural  Experiment  Station.      This  work  was  done  through- 
out the  vartouw  tobacco  growing  sections  of  the  state*      It 
dealt  a^ith  fertilisers,   caring,   v^iriety  and   strs^in  tests, 
Boine  shelter-tent  experiments  with  Sumatra  tobacco,  and 
economic  studies  of  the  cost  of  tobacco  production*     In  I916, 
in  cooperation  with  the  United  States  Department  of  Agricul — 
ture,   experiu^nt  stations  were  established  at  Ephrata  and 
at  Lock  Haven.     The  previous  work  was  continued  and  addition- 
al investigations  were  L^iade  on  steatn  sterilixation  of  seed 
beds,    the   use  of  fertilisers  on  seed  beds,   seed  cleaning, 
rate  of  seeding,    fumigation,   fertilizer  treatments,   various 
cultural   practices,    variety  and  strain  tests,    and  hign  and 
low  nicotine  breeding.      (56,5S}Q' 

A  new  location  for  tne   tobacco  experimental   station 
with  adtvantagee  of  accessibility,   publicity,    and  central-^ 
ijBation  was  found»4  in  193^  nearer  the  city  of  Lrmcaster. 
Tne  experimental   field,   consisting  of  ten  acres,    is   located 
on  the  Lefever  farm  near  Roseville,   just  off   the  Oregon  Tike, 
on  the   so-called  back  road  to  Eden,    one  mile   from  Lanc:^'^er 
city.      The   field  is  nearly  level   with  a  8li::ht   southern 
exposure,    and  the  soil  is  of  the  Hagetstown  silt  loam  type. 
There  has   been  no  fertiliser  or  lime  used  on  this   field  for 
more  than  twenty  years   although  tobacco  was  grown  there   in 


i\ 


1 


Ii 


4- 
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1929.  The  plots  were  laid  out  aad  soil  aaiiplee  taken  from 
each  Of  the  plots  of  the  three  and  fiDur  year  rotation*,  a 
detailed  soil  surrey  was  Tiade  at   the  saiae  time. 

Description  of  the  aojls 
Figure  I   ia  a  map  of  the  experiaiental  field  showing 
tha  various   a:.il  divisions.      This   aiap  points   out   two  pre— 
doalnatin-   'ay^pea   of  soil-  H^erstoim  silt   loaa  und  Eager j— 

o'^rn  clay  loaia.     Of  the  former  taere  are  four  distinct 
phases: 

A.      Hagerstown  iiilt  Loam 

■The  Hagerstov?n  silt   loa-a  ae   .'uapced  on  the 
tobacco  expciiBentul   field  is  typical  of   this   type  aa  taa   :>ed 
in  other  parts  of  the   state.     The   brown  silt   1  oaa.  surface   soil 
extends  to  i  depth  of  3  to  lo  incr.es.     There    is  practically 
no  ch  nge    in  texture   until  r.  d.pth  of  I3   to  i^   inches   is 
reached  but   tue  lae^    five   ircues    is  a  pale   yellow  silt   lOam 
uncolcred  rith  or^^anic   <i.attcr.      This  pale   yellow  layer   is   a 
part  of  tne   A2  iioriscr.  the  upper  part  has  been  mixed  «ith 
the  A,    aiid  A^  layers    by  rlox^in^.  ■     ' 


fig 

The  B  horizon  is  a  reddish-yellow  friable 
clay   ioc^ai  which   beco-e?   he;  vier   and  redder  c:8   depth  increases, 
grading   intu  ^  brick   red  granular   heavy  clay.      The  depth  to 
the  bed  rock  war  net  determined.      It  wae  not  encounterea  a.t 
tny  plsce    on  the  -lots   ?;itn  a  'i-C    inch  soil   nuarer. 


%iartx  fragtaents  were  noticed  here  and  there 
en  the   plots.     This   .xineral   is   found  in  scaais  or  veins  *ithin 
tfte   beds    of  liTiestone. 


I  1 


ii 


B.  Hagerstown  silt  Loam,  Deep  Phase. 

This  phase  differe  froxa  the  typical  in  that 
the  dark  layer  which  conatltutee  tne  surface  soil  ranges 
from  15  inches  to  30  inches  deep.   It  occur ies  one  rood 
sized  area  at  the  foot  of  a  slope  and  is  partly  colluvial 
in  origin.   The  center  of  this  area  ie  wnere  the  30  inch 
borings  wer.  obtained  wliicii  thin  out  to  15  incnes  on  tne 
outer  edges* 

A  p-^le  yellow  silt  loam  was  encountered 
between  the  brown  and  the  reddish  yellow  clay  loam  horizons. 
The  latter  was  found  at  from  25  to  36  inches  from  the  top. 

C.  Hagerstown  Silt  Loam,  Heavy  Subsoil  Phase. 

This  separation  is  very  si ailar  to  the  normal 
type  except  that  the  brown  surface  soil  rests  directly  upon 
the  reddish  yellow  clay  loam  B  horizon.   The  dull  brick  red 
friable  clay  is  encountered  at  about  2^^  inches  below  the 


surface. 


The  soil  in  most  cases  seems  to  separate  the 


clay  loam  member  of  the  series  from  the  typical  silt  loam 
member. 

D.  Ka^e  ret  own  Gilt  Lo%  n,  Siiallow  phase. 

The  shallow  pn^^Bo   as  the   nsme  irn^^iles  is 
charcicterized  by  a.   sxibllow  oro'^xi   surface  soil  "n^ich  does  not 
exceed  6  inches  in  depth  and  av?^Ta,£:es  only  about  k   inches. 
This  grades  through  3    reddian-yellow  clay  loam  to  the  usual 


brick  red  clay. 


The  sh^.llow  nhas'^^s  only  occur  in  two  very 


» 


gmall  patches  in  Tier  III  of  the   four  year  rotation.     The 
long  narrow  area  probably  marks  the  location  of  an  old  back 


furrow. 


£•  Hagarfitown  Clay  Lobm. 

The  Hagers^own  cl^y  loam  occupies  the  higher 
-  land  in  tte  central  part  of   the  tract*  It  is  cuaracterixed 
by  a  reddiah-brown  clay  loaa  iurfa-ce  soil  ^hich  grades  at 
about  ^  to  IQ  inches  into  a  granular  heavy  red  clay  subsoil* 
Fragments  of  quartz  are  pre^exit  in  a  few  ple.ces  tut  no  where 
.in  any  appreciable  a^uounts. 


TJ 


he  clay  l0u.ii  mesiber   cf  tue  Hagerstosn  series 


is  a  B-C   soil  rather   taan  cu  A-S-C   one.      It   reiiesents   what 
is  left   after  the   surface   scil   Las  been  re^uoved  by  eroaion. 

inforiiiation  relc.:.ive  to  cliu;c.te,    agricultural 
practices,   and   xxlativn  ox   soile   tc  geolo^>    art.   r^eli  aia — 
cueted   in  Soil  Survey   cf  L.  nc:.itei   County .      (32) 


*  ( 


able   V*    gives    tne   results   oi    the   chemical,    pny-- 


sical,    and  colloidal   ^.nalyse^   of  ccii^posited   scil   saii4>l€s 
fror-  the    three   year   totatic^n.      One  corriposite   consists   of 
sarm;ies    from  each   oi    the   thirty-one  plots   on   Tiers  1   bui    II 
01  tue   three  y*»r  rotation;    the   ether,    frcxi  each   wf  the 
thirty-one  ^iot-   of  Ti^. r   III   of  the   three  yesr   ict:.:ion* 
There    is   also  g-iven   a   cOiipaic-iive   tn^„lyei*.   ly    ThuiMas   {L2) 
of  a  typical  Ha^erstown  soil. 


a.      Numbers  in  ^erentheses  indicate  bibliogra  ihy. 

1.  descriptions  of   the   soils   t^iken  fronj  Soil   Survey  Report 
by   Dr.    A.    L.    Prtrick   nnd   C.    C    Le.:i8. 

2.  of*    bibliography,   Olaffty    fS) . 


III.  -  Object  of  rixese  Investigation* 


The  object  of  these  invest Igationa  is:   first, 
to  study  the  rate  and  quantity  of  absorption  of  nitrogen, 
potassium,  and  phosphorus  by  the  tobacco  plant  when  the  soil 
is  fertilized  with  various  coabinations  of  these  nutrients 
with  and  without  laaaure;  second,  to  show  the  relation  of 
this  absorption  to  the  yield  and  quality  of  tobacco. 


7 


IV.  -  Revie'?  of  Literature 


A.  General 

Soil,   cliaiate,    aeed^snd  cultural  practices 
constitute  an  iniportant  quartet   of  factors  which  determines 
the  type,   kind,  and  cuality  of  tobacco  that   is  produced   in 
any  pert    of  the  world.      3ir.ce  ©oil   and  cllBate  pre  fixed 
for  Iccrl   preae,   each  tobacco  growing  section  produces  its 
own  chrracterietic   tyre   of  tcbKCCo.     Any  change  in  tnete 
two  factors  produces  a  profound  eflect  on  ti  e  finished 
product.      For  tt  ic   re-.sci;,   tcb-cco  researches   pre  more  or 
leee  loc^'lizec'  in  e?..cL   region  rhsre  a  i.t^rticuler  type  of 
tobrcco   ie  grown.      For  exu^l*.    In  the  Connecticut  vrlley 
rnere   fine  ehade-grown  wrapneis  ere  produced,   the  results 
of  reseE.rci.eE  vUtL    respect   to   thm   kirdr   and  i^mo-nte   of 
fertillrcrs  to  br   eairloyed  *onld   nnt   ar;ly   to   the  heavy   type 
of  ci?-&r-f llier   leaf   thft    is  pioduceci    iv  Pf-nneylvj-'nia,    or   to 
fte   uarly  cigr-rette    types  produced   in  tne  ••utinc   n   tobacco 
c  reae   ci'    the  United   St;  teg.      (rcirner   (27)   hap   fully  diecuesed 
theee    relationships    and   their  cheaiic  1    aepectf?    recently. 

Ti:e   literature  on  th«  severctl   ;:haBes  of  tob^icco 
reeet.rch-   growtri,    nj^ineThl     rt'/oolism^    ferjnentetion,    imd 
iLanuf actare-   ie  voluminoae  so   that   only  a   portion  of  it  cr^xi 
be  covared  rj.erc .      The   roles   of   the   several   rniner^l  nutrients 
in  plaiit    'netabolism   aave   ut    n  ably   diecuared    in  several    texts 
on  clant   biochemistry,   plant  phyeioloi^y,   and   agronomy   (5O,    60, 
^9 9   75 )•      For  the   latest  theories   on  the  mineral  nutrition 


C 


s 


ill 


of  plants  see   (9) • 

The   tobicoo  j^l^mt   is  charaoterieed  by  Its 
relatively  higb  llbh  content  which  usually  pi  .ces  tobacco 

in  the   category  Ox*   ^>oil   exinyiMtinz  nropB   {J2).      Th*5  co^ 

position   of  tni8  aali   is   reajlly  affected  by   a  Glian,>o   in  the 


COr^o^itiCQ  of  the    soil   sdlati>n  ciiiefly  brought  about   'oy 
the  addition  of  f:/.ctil'i.Z3£3   to   tae   soil    (1).      3ince  burnlnp- 
qa:.lity   ig  a  fanct;i.)n  of  tr^e  laineral  ono  .Ibuents  of  tixe 
lea^",    tae   quality   of   the    tobacco  varies  directly  witu  the 
fertilizer   trentaenta    (3^,    Zj,   3^^>   37/^      It   is   ooiiclu^ive 
that  th^   types    jad  aciounts  of  fertilisers  used  affect   the 
yield    U,    '?^,   53)-      Xaer-fore   tne    ideal   fsrtiliz^r  for 
tobacco   13   oae   vvhicu  gives  the    opti^^uii  ratio   of  itinera! 
totrient:.   in   th3   soil    3-")lulion,    and  in  3uoh  a  concentration 
thav  b  n^x    i,u^  yield   and "  the  Quality    -jf  th.r    tobacco!  ar.?   at 
a  ifiazi  lia/:-.      In  #ffeei    .fords,    a   payaiolo,  :ic::ily   balanced 
nutrient   s  )lation  sh-^.uld  be  provided. 

Because    tlie    tODLCCO    .>la.nt    is   a  :ie::vy   feeder, 


oeo 


the  growing  plant  3uo«/3  tae  effect  of  uny   de — 


ficiincy  of  certc^in  essential  ele^ents^   it  constitutes  a 
good  indicator  for  the  av^il^-oiiity  of  fertilizer  elernccti^ 
in  the  soil  (3C,  ;i,  ^^h^   k^^,   51).   vavidaua  (19)  gives 
cLaiyses  of  partg  of  tUe  toD*coo  plant  at  diff::.rent  s  .ages 
of  growth.  Kosutany  (te)  gives  tae  sa^^e  data  witn  dry 


weight. 


Tue    reports    ox    the   wonneeticut   station   (i?,    3f    'N    5> 


^#   7»    S,    3?5»    39 >    D-)    ^'^^   (iiOst   co":]iorehf naive    in    taeir 
€liBcus8i  m3   of  eroeriiaentati'jn   regarding  fertiliser  probleaia. 


cultural  practices,   mineral  met-bclisia,  £.nd  disease  control 
These  apply  esDeoialiy   to  tobacco  production  in  the  Con-^ 
nectlcut  valley*     Andergon  (6)   discuseeg  at  length  and 

describes   fully  experimentB  de.lin^  '^ith  potash  problems 
in  growing  quality   tobacco,      Tne  nitrogen  nutrition  of 
tobacco  Las  bcon  taken  up   Ly  Garuer   (28)   and  by  Beauifiont 
(13).      McMurtrey  (^-6)    receuiiy  described  fertilizer  testa 
using  varying  fur^   anc.  aiaoants   of  nitrogen  and  potaseium. 
Aioes  and  Boltz   (1),   diecusc  in^-  tue  ii).fiaence   of  fertilisers 
on  tZie  compositicn  and  quality   of   tooacco,   have  described 
conditions  which  are   especially   applicable   to  l'eimfiyl\ania 
cigar-leaf  production.      Gamer   (29)   and  Broiin   (16)  have 
aescrxbeu  the  effects   of  other   crops  in  the   rotation  on 
tobacco.      Beaaii*ont    (Is-)   ha^  doscriued  field  experiiiients; 
OSS    (53)    ac;alt   ?.'itn   the   fextilization  of   flue-cured 


liODacoo. 


B.     Quality  ol   Tobacco  in  Kelation  to  itrtilizer 

fr^ctices* 

As   tLe    rcsuxt   c:    tue   i^:ork   of   Sciiiosing   (6l), 
l^esbier    \^h) ^    van  Bemriielen  (7^)»    i^yer   (47,    ^b,    ^9),   Earth 
(11),    3enrens   (1^),    Garner   (&b),    and  Haley    (5^,    3^,    Jb,    37), 
the   iiuportc^nce   of   txie   pres^nct,    of  potL-i^sium  in  both  org!:nic 
a.nd  inorganic  combinations   in  tne  "tobacco  leaf  has  been 
estaolished  in  relation  to  burning  quality.      That;  the  pre — 
sence  of  excessive   amounts  of  chlorine  exerts  a  deleterious 
effect   on  burning  quality  has   been  proved  by   Mayer   (^^7,    4^o, 
^9)>    Fesca    (20),   Garner   (?6),    Ames   and  Boltz    (l),   Olson   (58), 


P! 


r  .  ^'^ 


10 


Jcnkine   (39).      Earner   (^o)   showed   a  rrlationehlp  between 
water  extracts  and  burning  cuality,   while  Trraha-n  end  Carr 
(33)  demonstrated  th'^t  ether,    nlcohol,    .md  hot  ifator  ex 

tractions  of  leaves  could  be  correlj^tec 


I   vjiLi,.   b'ariiin-r 


quality. 


0.      TobDCc^.   Hesearchee    in   '-ennsyl\''anla. 

Fo'  «  {-en.ral  description  of  "^enn^v/lv  ni  ^ 
tobacco  prodiic t ion— e clip,   clirnate,    t->-s   of  tobaooo  'crown, 
and  cultural  pr:,otlce8-«ec  ?re;„r    (.?5).      Sor.e    of  t:.p  facts 

(1?.  Pi,   23,   ^",  25,   3^'-,  3D,  36,  37,  5S  56,  57.  3^,^^.  71) 

T/hich  have   beer  ePt-b-lr-er'   regardinfr  the  Pennsylvinla 


ci^'ir-lerf  tob:<»«  fr't:.  ISSJ   tc   the   nrescnt   *.i- 


e   are : 


t* 


r'ev^l'^r^^nt   of  ^tr^ln-r/nd  verietle?  -hich  are   uScrteC 
Fennr.ylv  nia  c ond i  1: i .. zip ,   anfi  whicn  have  the  def-lr^-ri- 
f»cturp£    of    -176,   shape,    :,n-  nui^.ber  cf  le-ves,   disease   re  — 
fiistiince,    and  Mrh   and  1  i^e  nicof-lne  content;    --re- er  eterl— 
ligation  of  sr3ed   r^eds  to  coDtrol   diaeasef^;    -ro-nei     ne-ns   of 
p^erl  cleaning,    rate   of  seedin^,    eeea  bed  fert  iiization  and 
furr:i^*ation;    proper  -^l-rtin^-  dist- ncer   and  tr^p-lng  heights; 
end  proper  curing  and   s-JWatlng  mex-ods*      It  has  uecn  s:.cirn 
sir?'  t  ;    t   t;:f-  Chemical   co.Tiy^oeiticr   ^f  the  le    f  as  lnfl_er.ced 
^fertilizer  trealfaent   ib  eiticr  cxoae    in  c--ter^:iinin-  the 


Inxftiag  quality;    that  high  >  lex 


!?ood  quality   oi    toDacco 


c«n  be  obt  .iuO':    ^ith  the  ap^plioation  of  c^m.eci-.l   fsrti— 
liee-^s   "nich  may  ox    uay   rot    be   siiprlevient-  *    ^^ith  manure; 


that  !aanure  al 


0063   not    ^^ive  as  satisf v:ctory    r?3iit£   ac 


a  combination  of  manure   jT  I  coaawrci-l    fertilisers. 
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D.      The   Interrel'^tinrvehip   of  thr-   AhsorptiDn  of  Mineral 

NutrientB  as   Xnflaenced   by   Different  Fertilizer  Treat 

raents. 

Liebig   (i^?,   k^})   ia  i>,."r3  stated  in  saat   is  now 
ku c n  ixd    "The  L aw  of  t a e  I! i ai .tiua " , 

•'By   the  deficiency   or  a.Bencc    of  one   neceeeary 

constituent,   all  others  hein^z  oreaent,   the  soil  is  randered 

barfen  for  tXl   thoee   crcpe  to   the   life   of  v.hlcr.  tnat   one 
constituent  is  indispens'-ole. " 

It  therefore  followed  that  nutrient  elements 
ere  absorbed  in  certain  definite  proportions   in  euch  a   manner 
that  a  limit  having  been  reached  by  one,   the  abeorption  of 
the  others  is  retarded.      It  also  follows  that   if  the   rate   of 
absorption  of  the  nutrients  bv«  plotted  agrinst   tirse,   the 
curves   for  a  comnletely  balnj\ced  fertilized  cror  ^'ill    -always 
be  on  s   higher  t^lane   than  those   for  a  cror.  which  hae   been 
fertilized  by  an  unb  lanced  supplement — provided,   of  coarse, 
all   other  growth  factors  are  const-nt. 

Thomas,   in  a  series  of  papers,    (63,   6^,    65, 
66,    67,    6S)   has  discussed  Liebi,-»s    *Law  of   the   ;.*;ir.inrjiii^*   and 
ha<?   pt^TDlleci  it   to  tne  interpret'ati   n  of  his   work  witn  apple 
trees.      Lagatu  and  Maume,    f^^l)    however,   maintain  thft   the 
corrnlrry   of  Ll^^^bif;'^   1-?    i  ?^  ^^-^t    nr^--bl'=':    of  p^ner-  Ugstion 
as  a  result   of  their  ^ork  ^Wv   the  gx^pe.      They  conelijed 
th-'t   the  denressinn   in  yielde   ^ro'-'uceci  by  the  application 
of  Bi\    incomt^lete   fertil1i:er   ly   n'-^t   ^^Je   to   a   ^enres^lon   of 
the  absvorption  of  tie   re^:ainln^   eleriients  but,    on   the  con-*- 
tr^ry,    to   ?   nutritional   lack  of  b-;l^tnoe    iwlar  to  ^n  i n- - 
creased  abson>tion  of   these   eleients*      Tboma?    (61),    on  the 
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othe-  liand,    -iccountp   fcsr  this   a^^parent   anomaly  bv  stating 
that  the   element  a-altted  fron  the   fertilizer  is  already 
present   in  the  90II   solution  In   such  r^  o-»no#ntr-\ti->n  that 
its  critical  oonoentr-.^lon  in   the  plant   Ib   never    reached 


th^t    <;  1^  ^h'^le  ^^roble^^  la   -^ae   'if  relativity* 
(X?),    '^orkla-  ^'^ith  tomato  pluntf:    In    autrie^t 


Bartholamew 
srnd  cultures. 


naint-ln^   thnt   taauch  theoretic.  11/  posnlbie   to  set  ud  a 

.ft. 

physi  ■.loti-ic-lly  b-.l'incea  rijtr\-nt   p^luti or,    it  T^oald  be 
difficult   to  adjust   the   v-rying  concentrstions  r?nlch  -tould 


be   ""eCf 


r-  t-  Veep  -cce   -.^ith  growth  charc^e   and  deasnds} 
that  nutrient   80l.:ti -.mc ,    ■/'rylng  greatly  In  co-rn^csition, 
produce    si::Il'r   i^esults;    that  the   amo?intE    f^tong.)   of 


r'itr.'V.r. ,   phosphorua^  and  T^otas^lum  absorbed  by  pints,    -e 

ceivlng  sll  elernentip   ea  cntial   iqt   -.ro-th,,    w-re  contrnlled 
to  a  great  extent  by  the  conc.;r:::r&.tloriS   of  these   eler.ents 
In  the  nutrlrnt  :nedi&;    that  a  deficiency  of  potassium  in 
the  nutrient  .uedla  may    resul:;   in  .'Ti  increyceu    'bsorti^n   of 
nitrorjen  and  phosphorus  by  the  le&vcs  of  the  toraato  plant; 
that  the  use   of  percent r.^-     compoaitin  of  e  plant  msy  iMlA 


t« 


ous  conclusions;    that   Liebifr's   *L?ir   of  the  K'inl'r'uc" 


Is  not  aprlic^ble  to  fertilizaticn  with  potassium  salts. 
Carolus    (17}   also  working  witfx  tomatoes   on  lieli  plots   re- 
•tiring   v    rious   fertilizers,    concl'sde-]  that   the  lack  of  S\ 
r,    or  k  in  field  fertllixer  applic^ti  :ns  did  not  result   in 
as  mftx^ed  dxanges   in  coffip08iti-.n  ^Itr,    respect   to  Vuose 


ele»r:^uts   as 


OCC Ors 


W 


n 


^urvgg  indhHP  ■utrient  solutions.  The  effect 


of  the   scarcity  or  n.bu-i6r:\ae  of  one   ingreiient  in  the 
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I 


^ 
.^^. 


ferti.li^^er  on  the    ';bc»»pti^'^n  of   the   other    IncfTedlents   nnB 
M  elgnific-nt   in  msny  oaees  as   the  ef^^-t   of  the  ingredient 
on   Its   own  ab<:Orotiori.      Tne    inclusion  of  If   or   P   in  the    fer- 
tilizer   resulted  in  an   iaC«lMl#d  abaorrti-n  of  ::„11  of   tua 
oonstitueatB  Aetev-d^^e:^..     Tne  complete  l.^.ck  of  pota!?.^l:iT^  in 
t.'^ie   '^i-'-l-J-O  mixture  wa^:  not  as  detrl  ^^*e'?t.'-^l    to  growth  and 
absorption  as  Waa  the  j^resence  of  the  MiLXlmui  additi  >n  in  a 
4-1  -12  mixture.      The   author  states  .vis  work   neither   refates 
V^T  substantiates   tixe  application  of  Liobi.rj's    ^*Law  or  t  ie 
Hinirmji ui '^    z o  t>#tase  ium  ,  f  o rt il i r- -^  t  i on. 


'::il 


lil 


J. 


i 


l»^ 


T.  -  Methods 


k.     Field  Practicae. 

In  1932  the  new  location  for  the  tobacco  ex— 
periisental  station  at  Lancaster  was  used  for  the  first  time 
The  work  dealt  with  the  three  year  rotation  of  tobacco, 
wheat,  and  clover  with  the  exception  of  plots  29,  30,  31  on 
which  alfafa  replaced  clover*   At  thie  time  tobacco  was 


grown  on  tier  I,  clover  on  tier  II,  and  tier  III  was  bare. 

After  the  proper  sterilization  of  the  seed 
beds  (57) »  t^^  Swarr-Hibshman  strain  of  the  Pennsylvania 
seed-leaf  was  sowed,  transplanted,  topped,  harvested,  and 
cured.   The  usual  cultural  practices  of  growing  cigar-^filler 
tobacco  in  Lancaster  County  were  followed  (25). 

Plots,  one  twenty-first  of  an  acre  in  area, 
were  laid  out;  the  plants  were  placed  :t  twenty-six  inch 
intervals  in  rows  forty-two  inches  aoart.   Proper  (nethods 
in  the  control  of  insects  and  diseases  '^ere  followed  as  they 
were  needed.   Tnroughout  the  growing  season  field  obser — 
vations  werr:  made,   ^eights  for  the  yield  and  criteria  of 
the  quality  were  determined  after  curing  and  stripping. 

The  fertilizer  treatments  of  the  three  year 
rotation  are  as  follows: 

1.  Varying  amoxmts  and  kinds  for  the  tobacco. 

2.  A  uniform  treatment  of  300  pounds  of  I6  per 
cent  superphosDhate  per  acre  for  the  wheat. 

3«   Clover,  no  treatment. 
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Manure  is  apolied  apTDroxlmately  one  month  before  the  tobacco 
is  transplanted;  the  other  fertilisers,  with  the  exception 
of  nitrate  of  soda,  which  is  applied  as  a  side  dsetsing 
approximately  one  month  after  transplanting,  are  broadcast 
about  one  week  before  transplanting.  Howver,  plots  16,  17 
and  IB   are  fertilised  in  the  row  at  the   time  of  transplant- 
ing. 

The  following  is  a  list  of  fertilizers  used: 

1.  Nitrogen 

a.  Two-thirds  from  colton-seed  meal. 

b.  One-third,  nitrate  of  soda,  except 
on  plot  Ik   where  two-thirds  of  the 

nitrogen  comes  from  nitrate  of  soda. 

2.  Phosphoric  acid 

Sixteen  per  cent  saoernhospiiatc 
3*   Potash 


■,  f 


Sulphate  of  potash 


U^.     Manure 


Stock  yard  with  very  little  straw 


3«  Lime 


Hydrated 


B.   Chemical  Practices. 

Samples  of  tobacco  leaves  for  chemical 
analyses  were  taken  every  ten  days  throughout  the  growing 
season,  starting  when  the  slants  were  of  such  a  size  that 
eleven  leaves  constituted  a  sa.aple  large  enough  for  the 
several  analyses.   The  first  sampling  was  usually  forty  to 
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fifty  days  after  transplanting,   and  continued  until  harvest, 
with  the  exception  of  lc^32  wi^en  eleven  plants   from  each  plot 
were  allowed  to  remain  in  the  field  several  days  after  har- 
vesting.     £ach  of  tnese  saapiee  consisted  of  eleven  leaves, 
the  sixth  leaf  fro^  the   botto<ii  or  the  eighth  from  the  top, 
taken  froia  eleven  different  representative  plants  froaa  each 
plot.     Care  wafi  exercised  that  no  plant  sas  sampled  more 
than  once   during  ciny  growing  season.     The  sample  was  im— 
Mediately  wei^^hed,   packed  in  dry  ice,   and  shipped  to  State 
College  where  it  was   placed  in  an  oven  at   70  to  SO  "^  C. 
for  twelve   to  twenty-four  hours.      It  waa  again  weighed,    the 
whole  leaf   (lamina  and  midrib),   ground  in  a  Wiley  mill  so 
that  ittore   than  ninety   percent  passed  a  sixty-mesii  screen, 
about  nine4fy-eight  percent  passed  a  forty-mesh  screen,   and 
a  hundred  percent  paaaed  a  twenty-mesh  screen.      Tne  sample 
was  tnen  sealed  ana  tne  chei^ical   sn^yses  for  laoisture, 
aitrDgen,    pnosphorua,    and  potaseium  were  made. 

{1}   Moisture  analysis 

A  one    ;raiii  sauiple   .vae  dried   in  vacuo  over 
concentrated  sulpnuric   cicid  to  coostajit  weigjut    (lu). 

(2)  Nitrogen  aualyeis 

The  Kjeldohl-Ounning-Arnold  modification 
Method   to   include   nitrates   (1^). 

(3)  F reparation  of  solution  for  piiospnorus   and 
potaasluiTu 

A  five   ^Thsik  sample   in  a  ^orcelain  crucible 


^as  placed  in   a  muffle  furnace   regulated  so  a£   not   to  exceed 
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o 
&  temperature  of  480  C.   for  twenty- four  houra.     The  aeh 

*ac  then  taken  up  in  dilute  nitric  acid  and  dilute  hydro— 

chloric   acid,   filtered,   and  wasced  witn  hot  dilute  nitric 

ftcid  {l-f-    )S).     The  filter  paper  B,nQ.  the  residue  were 

replaced   in  the  crucible  and  earned  in  the  rttffle  furnace 
at  a  full   red  heat.      This  ash  was   then  taken  up  Kith  a 
icixture  of  concentrated  hydrochloric  and  nitric  acida 

•  boiled,    dilated,    filtered,   an.I  washed  *Jitn  hot  dilute  nitric 
acid  U  4-  59).     The   filtrate  and  washings  were  .•aade  up  to 
a  voluae  of  50O  miililitera.      A  50  ml.    aliquot  was  then 
taken  for  tue  potassium  deterwi nation,   and.   a  100  jaL. 
aliquot   for  the  phosphorus  determine cion. 

(^)  Phosphvorus 

The   voloa^tric    .>)ethod,    with   precioltation 

at  tf-J     to  50^0.   was   followed   (10)  • 

(5)  Potaasiom 

To  the  50  ail.  aliquot  in  a  porcelain  dish 
was  added  1  ml,  of  dilute  sulphuric  acid  (l  f  1}.  Tae 

solution  was  evaporated  to  dryness  on   tue  ste  m  b-tn.   The 

dish  Wu3  tiaen  placed  in  the  -auffle  furnace  and  cautiously 

heated  until  tne  resiJue  was  inilte.     The  residue  was  taken 

up  with  1  ml.  of  concentrated  nydrochloric  acid,  3nd  not 

Water  added,  stirring  until  solution  was  ooniplete*  Then 

Pt 
5  mis.  of  piatinic  chloride  (.02  g:ii.  per  ral.)  were  added 

and  the  solution  evaporated  on  tne  steam  bath  just  to 

dryness.   The  residue  las  taken  up  nix,.   25  ^als.  of  acid — 

ulated  alconol  (2.25  normal  h|tdroculoric  .cid  in  eighty 


\  i 


is 


% 


IS 


■m 


s 
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percent  alolftbol).   The  mixture  was  thoroughly  etirred.   After 

•tanding  about  cme-half  hour,  the  contenta  of  tne  dish  were 
filtered  through  a  weighed  gooch  crucible,  washed  with 
eighty  percent  alcohol,  with  Lindo-aiadaing  solution,  again 
with  eighty  percent  alcohol,  dried  i.t  lOO^C  for  one-half 
hour  and  then  weighed. 

All  results  are  givjn  on  the  moiature-free  basis. 
All  calculations  are  aade  to  t\e   elements  i;,  F,  and  K.   The 
weight  of  the  "Average  Middle  Leaf"  is  the  mean  weig-ht  in 
grams  of  the  eleven  leaves  constituting  each  earaple.   The 
millig;ram8  of  nutrient  per  average  middle  leaf  wa^"^  obtained 
by  multiplying  the  weight  in  milligrame  of  tne  average 
middle  leaf  by  the  percentage  of  that  nutrient. 


'fl 
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VI.   -  Presentation  of  Data 

■II" «— — Jwiiiiiw — fc«aw^»      «Mw«a»      ««mEmmM» 


All  Ohe^iical  Re8ult«   are  expressed  on  the  moisture- 


I 


free  ba3ls# 

A.     oeneral 

Table    k  f^iyes  fi^^^ures   on  the   acre-^^.^e  Harvest — 
#<a,    average  yield  per  acre,   total  production,    aTsrage  price 
per  pound,   znl  the  valuation  of   -ennsjlmnia   tobacco  for  the 
period  193^  to  193^.      These  dr^ta  '^era  taken   from  the  Year— 
books   of  AKTicultura,    United  States  De-oart.iient   of  A:^rl — 
culture,    19;:i  to  1935*      Ov^r  pn  per  cent  of  the    tobacco 
produced   in  remisylv- rA-'^    is  ;>r^Wf!   in  the  Lrncr.ster  area. 

3*     The  rlaB  of   th:  L'i,nca.ster  Ixoerlraental  Tobacco 
Plots. 

Figure   I  is   a  ..i'ip   of  thr:   exr>eri:nsntal   field 
T'ith  th^   v-xlO!iE   soil   division,*^    incioated*      The  three-yeajf 
rotation  area,  iz  divide:i   into  tnree   tiers   of   thirty-one 
plot^   each,    so  toat    every   year   the  three  crops — tobacco, 
v-'herit,    and  clever — pve   re- re^T-  . ted,  as  folloi^s: 


1  C  ^\  T- 
X  V  ^  *- 

Tier   I 

r':;tL:CCO 

Wheat 

Clo\n;r 

Tier  II 

Clover 
rob a ceo 

11. eat 

Tier    III 

Bare 

Clover 

Tobacco 

Tallf.    I   zhemp   the   field  and  fertilizer  treat.^enta 
t;i.:t  are  flfGii  to  ti.e    t  xirl/-plote  of  the  XhTe^-jtr? 
rotation.      Theeo  v&iious   ferf Alter  c->...bir^;ti-nr,   aiid    :rac— 
ticea   ^er     der.ij,n««  to  show  the   eff=^cts    Jf   vprying    •r.ounts 
;iad  Iciud.;    uf  aitrogea,   Of  varyinc   -  no  rrt?   of   -h-g- horns   ?nd 
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Table   A 
Economic  Btatistioe  of  Pennaylvania  Tobaooo  Produotion 


Year 


1931 


1932 


1933 


193^ 


Acr«ag« 


Acres 


4l , 300 


l«-0,900 


•fS.lOO 


25^300 


15,200 


Yield  per 
acre 


«• 


■ 


poiinde 


965 


lino 


!«*»•>»*«-•   • 


1100 


1050 


1152 


■  ■01     immmmmt 


F  r  oduo  1 1  on 


wmmmM 


IQOO  pQundg 


39,  «5'^ 


57,669 


^,316 


26,563 


17,501^ 


MMMi 


4 


Ave.  price 
per  pound 


oente 


6.1^ 


7.**- 


5.2 


5.5 


7.5 


Valut 


mmtmrnm^miiii      i  i|  wawwi—i 


Dollars 

mmmmmtmmmmmttitmmm 


2,550,656 


^,265,060 


2,408,^38 


1,^60,965 


1,312,800 


Data  taken  from  Yearbooks  of  Agriculture,   li.    3.   Dept,   of  Agriculture,   1931-1935. 
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■     f:XPLRlM[JlAL    KiBACCO    FIfl 
LANCASTLK    COUNTY  -    PENNSYIVAWIA 


ALU     PLOTS    IM     TWO    AND     roUR    YEAR     Rr,TATlO(N5 
ARC     CNE      IWM/TY     FOURTH     Of     i^N    AfRF      WHIlf 
ALL    PLOro    IIS     TMREK    Y£A^    ROTATION     ARf    ONE 
TWFNlYFlRST     OF    AN    AC.R£ 


LEGEND 


A 


HA6CRST0WN 

SILT     LOAM 


B 


HA6ERST0WN 
SILT     LOAM. 

DEEP 

PHASE 


HAGERSTOWN 
SILT    LOAW. 
HEAVr    SUB- 
SOIL   PHASE 


D^ 


HA6ERST0WN 
SILT     LOAM. 
SHALLOW 
PHASE 


HA6ERST0WN 
CLAY    LOAM 


iM 


n 


NOTE    -     VVirM    THE     tXCEPTlAN    OF    JHF     r  iRClE     IM    TiER  IH    (^OOR    YFAR    ROTATION)    WHk^H     IS  (b) 
AUL     OTHER     UNLAeCLED      A"?EAS       *»<«     i^  •  ^"^^ 


ri^^  1.  ? 


Floty.   iibowin^r  the   Various  Soil  I; IV* 


Table   I 


Ifce  field  treatments   of  tne  expsrimental  plots,    Tiers   i,    il,  and   HI   of  the  thre 
year  rotation   system.      All    fiiapjres   are   ^Iven  on   the   oasie   of    o-e  acre. 


Plot  Numbers 

for  Tiers 
I,    II,   III 


t 


ksaxaie 


1 
2 


7 

9, 

10° 

11 

12 

II 

1 
1 

17 
IS 

19  c 

20 

21 


a 
c 


toa« 


10 


Fertilizer 


lt>«. 

1,000 
1,000 
1,000 
1,000 
1,000 
1,000 
1,000 
1 ,  OOQ 
1,000 
1,000 

500 
1,500 

1,000 
1,000 

^00 


1 ,  000 


1, 


1,000 


Formula 


6-8-M- 
o«"&»S 
6-S-12 

6-^16 

O-S-12 
3-S-12 
9-8-12 
5-0-12 
6-4-12 
0-8-12 
6-S-12 
6-8-12 
6-6-12 
6-5-12 

O-S-12 
6-g-12 
6-S-12 

6-5-12 

O-S-12 
O-d-12 


iosT 


Lime 


Fertills56r 
Appli#d 


Broadcast 


1^000 


In  How 


fi 


Broadoast 


Reference 


K 
N 


H 


1/2 
3/2 


P 

P  V3 

F 


N  p 

N 

N  1/2  P 


1/2 
3/2 


1/2 

3/2 


N  1/2  P 
N  3/2  P 
N  P 

»  J 

N   1/2  P 

N  P 

3/2    r 

Cheek 

P 

1/2  p 


1/2 
3/2 


1/2 

3/2 
-  0 

1/2 


1° 
K 

K 

K 
K 
K 
K 
K 
K 
X 
K 

K 
K  L 

f 

S-R 

K-R 

X-R 

X 


ru 


Table   I    "^continued) 


Plot  Hunbers 

for  Tiert 
I,    II,   III 


22 

II 

26 

27 
26 


I 


i&anure 


ions 

10 
10 
10 

10 
10 
20 


Fertilizer    I   Fonoula 


lbs. 

1,000 

1,000 

500 

1,000 

1,000 


I 


1,000 
1>Q00 


3-6-12 

3-s-s 
3-S-12 

0-8-12 

3-S-16 


Lime 


• 


lbs7 


0-g^l2 

6-g-12 


Fertilize  I 
terjlied 


BroadOast 

n 

« 


I 


Broadcast 
ft 


Haferexice 


1/2 
1/2 

1/i^ 


N 


? 


1/2  K 


K 
P  2/3   £ 

1/2  F  1/2  K 

P  I 

p  V3  J^ 


■■■■•H 


Oh«ok  -  0 

P 


Reference    ^ey:      f<  <» 


»- 

4 


K    m 
L    ^ 


60  lb.    nltrovren   UO   /acre 

60  lb*   pnosphorio  acid   (jp'a^O^")   /acre 

120  lb.   potash   (K^O)   /aore 

1,000  lb.   lime    (CaCO^)   /acre 

10  tons  manure/acre 


b. 
d. 


Two-thirds  of  nitrogen  a^  nitrate  of  sAda. 

Fertiliser  broadcast  unless  indicated  by  symbol 

amplication. 

Replicates* 

Mfalfa  In  rotation  instead  of  clover. 


^K^   which  deslgnatee  row 


«» 


ro 


-  S."S«'-iWB»S.i 


r 


2^ 


i, 


potassium,    of  VcLvyin^  the  amountt    oi    the   saue    fertilizer 
Of  row  varBus  broadcast   cpplicationi^   of  using  manure  ?!jith 


and  Hvitiiout  varying  fertilii;exB,    oi   demonstrating  tbe   effect 
Of  iij^c,    ana  uf   replacing  clover   vi'itL  uiiaia^      Spaced  at 
definite    lL.terv-is  are   six  replicate  plots  v.:.ioli  receive 
a  b?^8ic   f^rtilisser   treatiaent.      The  purr>OBe   oi    these  is   to 
siiow  tae  VMtiation  in  tx.c  aatara.1   rvrtility  oi    the  soil. 
Tiiere  are   t^o  ulota   "^aic^.  recsivc   no  fertiliser  tT^:A^eat, 
deaignated  as  cneclis. 

C*      SoheaulG   of  Qalturai   and  Cueinicai  FractiQea. 

Table   IV  ^ives    j;ne  dates  ana    t.ie  a^2   in  days 
frJi^  transplanting,    of   seedlAi,,,    transplanting,    t*i^-)in^v> 
harvest  in--,   and  Baidplin.;   tlie  tobacco  cropa   for   tLe  /eara 
1^32,    i933»    193^-      I't   can   Or^   observed  fron   tae   t^bie   taa^ 
the  ^^ri)vflng  period   in  1;^32  WdS  longer  than  txiat  of   eitaer 
1933  ox  193*^*     "^^le  ^^^^  be  partially  exyiained   by   the    in-- 
fluencs    of  climatic   factors,    and   oartialiy    by    tae  necessity 
of  hai  vesting  earlier    in  1933  -^^id  153''r   because    of  tas   rapid 
spread   oc   diseases.      In  1"32,    eleven  plants    on  eaca   jIjI 
^ere   axio^ed  to  remain    in    o.ie   field  for  seven  days, after 
harvesting.      The   leaves   tcxcn   from  these  plLnt.?   coast ituted 
t.e  sixth  sajioling,    and  were   designated  as    being  -cGst-ri.:;  ture. 

D.     Precipitation  Ihita 


m 


Table    II   .->:ive&   tne   anovntB    of   raii;t:dl    it 
monthly   interv;.i3   loi    txie   ./eara   1932,   1933 >    '^-"^^^   193^*      ^^^ 
departure   froji  nor:iial   is  ^l^c   iadic:.ted.      laLle  VI  gives   the 
incidences   and  amounts   of   rviaf.l^.   rel:..iiv.    to  tn^   cultural 


The  time   of  eeeding,    tranBtsl-jntint;, 
cropa  for  1932,   1933  and  193^. 


Table  IV 

tODping,  harvesting  and  sampling  the  tobaoco 


■^^^■■Nfk^^ 


Seed  Bed  Sowed 
Transplanted 
Topped 
Karrested 
First  Saooling 
Second  Sampling 
Third  Sampling 
Fourth  Saiapling 
Fifth  Sampling 
Sixth  SamtlinR- 


Date 


April  15 

June  6 

Aug .  22 

Sept.  12 

July  25 

Aug.  -$ 

Aug.  17 

Aufcc .  29 

Sept,  7 

SeT)t.  19 


-52 

0 

77 

SB 
4-9 

61 
72 

93 

105 


1933 


Date 


smsat 


April   10 
Jun«     "in 


Aug, 
Aug. 
July 

Aug, 
Aug. 


20 
2S 

29 

0 

2& 


I 


-61 


71 
79 

59 
69 
79 


Date 


April  10 

June  B 

Aug.  7 

Aug,  2k 

July  2k 

Aug,  3 

Aug,  13 

Aug,  2k     I 


J 


-59 

0 

60 

77 
k6 

56 
66 

77 


Age  of  plants  refers  to  days   from  transplanting  date. 


ro 


/ 


Table    II 

Pr«olpitation  records  compiled  by  the  U.   3.   Weather  Bureau  for  the  Lajioaeter  area 
frotB  1932  to  1934  Inolueive.   in  oomparieon  with  normal  precipitation. 


Month 


January 
February 

March 

April 

June 

July 

August 

September 

October 

NoTeaber 

Deoeober 


1932 
InoEei" 


Total 


4.29 
1.59 

6.19 


3.99 
^.28 

3.61 

5.23 
1.67 

S.39 
^.13 
3.1^ 


Departure 
fron 
normal 


inches 

4I.O5 

-0,82 

+  2.g6 
-2.08 
-0,76 
-^0.31 
-0.27 
-1 .  43 

-1.69 
+S.2g 

+  1.60 
+  0.02 


1933 
inches 


■' 


HIE 


1.S9 

2.53 
6.13 

5.07 

4.86 
2.66 

9.13 

13. 9*^ 
4.52 

2.16 

0.63 
2.74 


Departure 
from 
normal 


inches 
-1.39 
-O.IS 

H-2.S0 

+1.58 

+1.63 

-1.31 
+5.25 

+10.11 

-^1.16 

-0.95 
- 1.90 


56.22 


-0.38 


193^ 


inches 
2.  in 

2.10 
4.55 

3.9« 
^.35 
3.51 
5.^1 

^^09 
9.83 
1.36 
3.'K) 
2.58 


Departure 
froa 
nozmal 


Inches 
-0.83 

-0.61 

+  1.22 

+0.49 

+  1.12 

'0.46 

+1.53 
+0.59 

+  6.47 

-1.75 
+0.87 

-0.5» 


ESZZZtZIllS 


p^ 


Table  YI 

Pracioitatlon  records   froai  tac   ttm^  of  transit! ant in^:  to  maturity  as    related  to 
tae   intervals   of  eaaipling  and  tooplnfj.      These  figures  are  baaed  on  obeerratione  made 
by  the  U,   S.    tfeather  Bureau  for  the  Lanoaeter  area  for  1932.   1933  and  19?>».      


* 


Tiae  Interval 


interval  Rainfall  I  Interval 


Traneplanting  to  let  eampllng 
let  eajqpllng  to  2nd  sampling 
2nd  aaqpling  to  33kI  sampling 
3rd  saorpling  to  ^l-th  •ampling 

4 

^■th  sampling  to  5th  eaHpling 
5th  Sfittpllng  to  6th  sa«pllnpj 


Total 


MWMMPI 


Tranaplantlng  to  Topping 
Topping  to  KBTveBt 


Total 


In 
daya 


*«i*»*i»«#« 


0-43 
49-60 

61-71 
73-83 

8^2 


i^b^ 


In 
Inches 


■III       mil— WW— >|> 


O-XO5 


0-76 

77-9g 


1 


0-9g 

55B33Sili   ii'v 


5.7s 
2.12 

3.56 

1.08 


Tear 
1933 
I Rainfall 


»i»ii»  m 


in 
days 


: 


0-l|« 

49-58 

59-68 
69-79 


13.86 


wmmtm 


0-79 


12.34 


Waa»N 


0-70 


^^-^^    I      Q-79 


in 
inches 


11,40 
4.11 

2.31 


7.52 


25.34 


17.89 


mmmmmm 
mtmmm 


nterval  ,  Rainfall 
in   I    In 


days 


■««Ma» 


0-45 

46-55 
56-65 


iaohes 


fm'mm^rmmammtmmmmimimm 


MttwMli 


6.61 
1?37 

2.36 


0-77 


0-59 
60-77 


11.35 


mm 


25.34  0-77 


g.34 

IsOL 


11. 


'"*'*^'  '  T' 


ro 


.4^ 


B 


I  4 


and  che-mical  practices  of  traji9t)lantlns',   topping-,  har- 
vesting,   and  saagjling  for  the  year«  I932,   1933,   and  1931^. 

S.     Yield,   Dry  %ight,   end  Field  Observations. 
1.     The  Yields 

a*     Tobacco. 

Table  III   gives  the  tobacco  yields  of 
tLa   thirty-one  plots   of  the  three-year  rotation  for  the  years 

393^1  ir33,   -'nd  ir34.     Also  shoif^n  ie  the  aiieraee  tob-icco 

yield  fOT   each  ^lot   t.^e   tare-   /ear?,    the  average  yield   for 

all  plots    for  each   yeax   anvl  for  the  entire    period. 


1'  '1 


Figure 


b.  Wheat. 


Table   III   also  -jives   the 


.it  yields 


of  the   t::irty-cne   plots   of  th'*   three-yen.r  rot^.tion  for   the 
years   1-33   r^nd  1C3'^-^      AI30  sho-u   i^-.    the   ^vnT-:r-:e  yield   for 
each  :  i-'t   for  the  tv/o-yeer  period,    the  aver^re  for  each  year^ 
and  for   th^    to-ye^r  period.      Figure   III   ^r- nhic-Jly  pre- 
sents  t!:e6:     data.      Wc   dat^    nrf^   given   for  -a^heat    in  1;j32 
b^3-uB:    the  experi^nent  C|^  not   bc^an  in  :jufiioient  ti'ii*  to 
allo^  for    'jlIs   bdin^  plarit?!. 


Ti-A:    III    clso  .-:ives   the  clover  yields 
of   tne   thirty-one   ^-^1-:;^  •    of   the   three-year    rotstior    for  the 
ye-rs  1J33   ^Ad  193^*     Also  sho-^o.  is   t^e  avera^  yield  for 
each  plct    lor   tte   t'D-y^ji    r-eriod,    the  avers^e  for  each   year^ 
and.  the   a¥sr';ge   f "-r   t:ii:J   t'-o-yc    i    period.      7i^!;aTe    17  ■:,r:i.ph — 
icaiy   ..resents  these   d:^t^.     Ho  data  are  giv- r.  fzr  cl'ver   in 


I  . 


I     i 


.  »;  '■^^.f^.inf-K.ys^f^-  ^:^,- . : ,»a^-A:  fj^t^-.-^fV^^j^g^ •'■'., .    ^-.i'^-^ 


Table  III 

The  Tobacco,  wheat  and  Olover  Yields  for  the  Years  1932.  193"5  and  IQ-^h       All 
Figures  are  given  on  the  basis  of  one  acre.  ^^ 


I 


1 
2 

I 


7 

8 

9 

10 

11 

12 

IJ 

1 
1 

17 

18 

19 
20 

21 

22 

23 


17*3 

1911 

1925 

1827 
1281 
1596 
1596 

15 
1&38 

1512 

17*^3 
I806 

1638 

17^3 

155^ 
1869 

2352 

25«3 
1050 

1680 

1764 

220" 
2051 


Tobacco 


fier  III 


■MWi 


*?ff 


I58I 

1722 

1761 

151 

1284 

1400 

1449 

1278 

142$ 

1323 
1418 

1586 

1530 

15^ 

1369 
1600 

1904 

2048 

1131 
1512 

1631 
1843 
172s 


Tier  I     Tier  II 


t 


27.30 

30.40 

28.00 

30.10 

23,80 

26.60 

27.60 

29.80 

28.70 

29.20 

27.40 

30.40 

28.^0 

30.80 

27.30 

37.50 

33.60 

27.60 

20.60 

24.90 

33.20 

30.40 

26,20 


30.00 
26.40 

30.50 
32.50 
26.60 

31.30 
30.80 
28.00 
26.80 
25.30 
27.60 

33.10 
26.40 
26.30 
31.20 

28.20 
34.30 
30.90 
30.70 
27.30 
31.10 
27.30 
33.50 


28.7 
28.4 

29.3 

31.3 
25.2 

29.0 

29.2 

28.9 

27.8 

27.3 

27.5 
31.8 

27.4 
28.6 

29.3 
32.9 

34.0 

29.3 

25.7 
26.1 

32.2 

28.9 

29.9 


Olov 
fUr  1  \fU 


rm 


' 


6680 
7230 

390 
9B0 
6880 
6950 
7490 
6780 
6490 
6S70 
6450 
6190 
6230 
6190 
670 
i640 
6120 

6090 

5040 
680 

310 

6420 
6450 


6720 

7860 

860 

720 

6720 

6720 
860 
720 

504o 

7860 

504o 

5880 
5880 
5880 
040 
720 
5880 
5880 
504o 
5040 
5880 
5880 
5880 


IHMMMM 


■MHMt 


59S5 
504o 

5360 

6095 
6150 

6165 


tV) 


""-•'«fc.<-sBS^X- 


Plot 

No. 


2H- 
2' 

2i 

27 
26 

29 
30 

11 


rur  I   jTler  fi   liitTTlf 


1869 
L680 
5163 
U69 
L932 

455 
L659 


Ave.     1767 


T?7r" 


Lb 


1260 
1260 
113^ 
1260 

i4o7 
966 

113^ 
1260 


1205 


LbT 


1764 
1901 
1869 
1691 
2037 
1439 

1712 

12091 


Table  (continued) 
III 


170s 


Ave. 


Lb. 


1631 
161  i^ 
1722 
1607 

1792 
1137 
1502 

1121 


1560 


Wheat 

fier  J    if ier  11 


55.^ 
51.10 

32.90 

90 

70 

2'4..  10 
25.90 

F.?0 


29.40 


27.10 
26 .  00 
37.00 

35. 4o 

36.90 

28.70 


22. 


30.0s 


o 


'  -"•^g^trzirawafc-iiir-r-.-.-T  -jj^--,-^  :^^:.rx:ssr.:r:-. 


Fig.  II.  The  Tobacco  Tielda  of  the  31  Plotg 

of  the  Three-year  Rote t Ion  for  the  Tenrs 
1932,  1933  and  193^. 

Th©  average  yield  la  shown  for  each 
plot  and  for  each  year,  as  well  as  the  mean 
yield  for  the  entire  period. 
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Fig.  HI.  fhd  Wheat  Tie.\d«  of  the  31  Plots 

?£,*^«  P"«ry®a'  Rotation  for  the  Years 
1933  and  1934. 

Th«  averaipe  yield  i«  shown  for 
eaoh  plot  and  for  each  year,  as  well  as  the 
aean  ylsld  for  the  two  years. 
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rig,   IV.  Tiie  CloTer  yields  of  the  31  Plots 
of  the  Three-year  aotatlon  for  the  Tears 

193Z   and  15>-V. 

'i'he  avcT'ige  yield  ic  shown  for  e«oh 
plot  and  for  each  year  as  well  as  the  mean 
yield  for  the  two  /ears. 
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1932  becaaee  weeds  conatltute'-l   thp.    i:iulk  of  the  yieli,   and 
hence  the   figures  are  not  tJ^oaxs^t^. 

?•      The  Hry  ^eights   (Tob^-:co). 

Ta.i2!le  ?II   oont    Ins   tiie   dry  ^ei^ht-^    of 
tne  average  aiUrjle  leaf  fioii  repres^ntatlirr    clcte   in  1932 
and  1533f    for  samples   t&ken  at   tue   intervals    Indies te"   In 
Table   lY*      xBble  XI  gives  tci   s?.-:;e  data  fox   the   thirty-one 
plots   in   l);3^  and  il180  tLe  average   dry  rel^ntD  i.t   tLs 
several   sampllagE.      Figura  V  graphically   oresents  the  con— 
teatg   of   Taolea  Vil    &no   XI. 

J.      i^ielcl  Data' 

a.      Cuiiag  Gro^vth* 
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pr  ueriy   m.itured  •      Co.o:':^erc  iux  l  j* 


the   tobticco  crop  was  a 


coriiplete   failure.      In  193*^   almost    the  sarae    Bituarion  arose, 
except   tnat   the  croo  had  rractic-lly  m^^tured   so  that    t...e 
e«rlv   Q3rvestini<r  -.re-w-:ntei   the  furtiier   spread  of  and  d   ting-s 
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Table  II 

• 

The  welgbt  of  avera^  leaves  of  the  l$'}k  tobacco  crop 
as  based  on  saoples  taken  from  the  experlaeottal  plots  at 
different   Interrals  during  the  growing  season.     The  results 
are  expressed  on  aolsture-free  basis* 
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Fig.   7.  The  Dry  Ifal^ta  of  the  Average  illddla 

Tue   fl>^>ure8  are  based  on  samples  taken 
throughout   the  growing  season  fros  xepTesen — 
tatlTs  plots  in  1932  and  1933»  ^uid  from  the 
31  plots  In  1934.     The  atrerage  for  193^  1« 
also  glTsn.      The  first  sample  vas  taken  in 
1932  on  the  49th.  day  after  transplanting; 
in  1933,   on  the  *^9th.   day,   and  In  193^f   <^ 
the  ^th.   day. 
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Table  III   A  (oont. ) 
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Fertlll«er° 
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a.  Comaerolaliy,  the 
by  leTere  stormi. 

b.  Does  not  include  coat  of  hauling,  mixing  and  anrlying.  1932  prloea.  Cost  per  acre, 

c.  Mosaic   in  1932. 

d.  *ildfire   leaf  spots   in  193^. 

e.  Plots  1,   2  and  3  severely  damaged  by  wildfire   in  193^i  because  of  proximity  to  In- 
fected Rustica  plots. 

f.  Plots  l^l-  and  19  in  193J|-considerable   ring  spots. 
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by  wildfire,  and  at  the  sa'^^e  tlTis  lowered  only  slightly  the 
com?r!ercial  v»lue  of  the  crop.  HoweTer,  the  tobacco  on  plots 
1,  ?,  and  3  were  rather  aeveraly  damaged  because  of  their 
proxiriity  to  the  Initial  iscurce  of  infection— the  Hiistica 


riots. 


b.      5.ftar  Curln.% 


'n^i 


I able  III  3  gives  data  on   several 


crltsri-  or  iu"llty— vi^,  t>uTn  (interviJ.  of  koldin-  fire, 
sr;rnr.-^  of  fire,  anc  ch- r.-ctex  of  anh),  elasticity,  body, 
color,  an^'  the  pcrccntags?  of  vr^-ppers,  fillers,  nnd  seconds 


oVi 


for  ti^p  yeara  lp3?  hnc'   l?;'!,   ^o  date  4*  given  for  iJB  for 
the  re-^sons  outlined  In  "a"  of  tnie  auction.   The  data  for 
193^  should  be  interpreted  i;  t'.ie  ligl.t  of  the  obaei*V2tion6 

given  ir.  the  sav^e  BeciiTi, 

F.   The  Chemicvl  r^str.. 
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•anoler   tnken  fro--  each   of  the   thlr'*:y-one  plots    of  Tiers   I 
and  IX   of  the  three-yer^r   r>.it'w:  i^^n;    the  other,    fro:,  eaca   of 
the   tWlrty-ona  plaits   of  Tier   III    of  the  three-year  rotc.tioii« 
Also  ^lvv?n   is  a  comr  •  rative  aaalysla  of  a  typical  Ha^srstoim 
soil.'    Tbeso   d^ta   are    frv.Clnffey    (lo)    ujid   fvor-  Ti.om:xS    (62)# 


p 


a.      liitro^^^n 


b.      phospnorae 
Cs      Joti.5siuiii 


..J 


Tftble  III  B 


Quality  Data  of  the  Cured  Tobacco  Oropi  for  the  Years  1932,  1933"and  193l|', 
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Table  III  B  (oontinued) 
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Qcmmxcitdlj,  ihe  1^33  crop  waa  a  iotarfailure'fe^oa^e 
by  SOTO  re  ttoroui. 

In  1933 »  damaged  wrappers  are  considered  eeoondi. 
In  1934,  Plots  I,  2  and  3  were  badly  damaged  by  1 
infected  Hustloa  plots. 
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Table  T 

The  Payelcal,  Cheaioal  aad  Colloidal  Analysis  of  the 
Soil  from  the  Lancaster  Experimental  Plots,  Compared  with 
a  Typical    Analysis  of  a  Hag^rstown  Soil, 
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dolloidal  Fhase  Analysis 
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Tables  ¥XII*   II,   and  X  ^ivu  bota  pexcentagee  and  ailligraas 
per  leaf  of  d,  F,   and  K  of  aawplea  taken  from  representative 
plota  tnrougii»ut  the  growUig  aeasoae  of  1932  and  Ij}'},   and 
of  au.i/vjie3  taken  on  trie  dates   indicated  in  Tabis  lY.     Tables 
Xli,   Xill,   and  xr<i  present  t'ae  saise  data  for   tie  year  l]'^k, 

Flgars  VI  prasenta  ($r.-iphiCcaiy  tiie  psroentage 
aoaorption  of  K,   P,   and  iC  ir<y  tx^e  plants  darinej  the  ti;i3 
Intvsrvala   indicoted   in  X'a..le   I/,    on  piota  i,    ;>,   5,   and   3  for 
tiie  yeara  193^»   1;*33,   and  i;j4j    and  plot  I9,    fox   tne  years 
1^33  and  1>34.      Figure   'ill  preBeats  a  ai^iiar  picture  ex — 
cept   baat   tL^e  unit   for  ab^oxpti^a  ia  tiie  number  of  jniiii-- 
grai^aa  of  :i,   p,   and  It  afcsorbtd  psr  average  middle  leaf  on 
plants   taken  from  tne   a^ova  mantioned  plots  during  tae  sane 
intervals. 

Figures  VIII  and  1^  prsssnt  grdpiiic   lly  tiie  psr — 
ceatagc   abBO.cption  or   S,   P^auau  K   oy   tne   piants,   during  the 
tij»e   iat^^rvalB   indie ateu    in  Xabie   IV,    an  ploto   otnex-   tiian 
If   3f    3f    9f  ^^'i  1-)   f«^r  tae  year  193^»      Figures  X  and  XI 
portray   the  saae  aDaorption  except   that  tiie  unit  for  ab — 
sorption  is   tne  u\xaxOai  of  ijtiilligra*iiS  of  Iv,   ?,    .jad  K  aoaorbed 
per  average  isiddia   iec^f   on  plan^a   taicen  froiii  tne   aoove 
nieutioned   :;iotB  ourin,;    uuc   saiuc    int   rv^lSe 
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Table  VIII 


The  nitrogen  content  of  the  1932  and  1933  tobsooo  orops  as  based  on  samples  taken 
from  represent at ive  exoerlmental  plots  at  different  intervals  during  the  growing  season. 
The  results  are  expressed  on  the  moisture»free  weif^ht  of  the  averaige  middle  leaf* 
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Table   IX 

The  v)hocphorus  amUnt  of  the  193P  and  IQ?;  tobaooo  orops  as  based  on  samples  taken 
from  repreenntatlvc  exrcri-iicntal  plot?;  ct  different  intervals  during  the  growing  eeason. 
The  reoul»;e  oie  exnreBeed   on  the  moleture-free  weight  ol   the  Rvertme  middle  leaf. 
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Table    X 

The  potassium  content   of   the  1932  and  1S*33   tobacco  crops   as  based   on  samples  taken 
from  reoreo.  rtrtive  ex^  erimentrl  riots  at  different   intprvnis  during  the   growing  season. 
The   results   are  pxpreflped    nn   the  aoisture^'free  weight   of  the   averf«f>:e   raiddie   leaf. 
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Tabl«  X  II 

The  nltrogea  content  of  the  193^  tobacco  crop  as 
oaeed  on  •«iQ>lee  taken  from  the  experimental  plots  at 
different  Intervale  during  the  growing  eeaeon.     The 
reealte  are  eaqpreeeed  on  the  moisture- free  welKht  of 
the  average  middle  leaf. 
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Table  XIII 

The  phoephorue  content  of  tbe  IS'^k  tobaooo  crop  as 
baeed  on  eainplee  taken  froa  the  eaqperlaental  plote  «+ 
different  interrala  during  the  growing  season.     The 
results  are  expressed  on  the  aoistureofree  weight  of  the 
average  middle  leaf. 
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Table  IIV 

The  potasfilua  content  of  the  193^  tobacco  crop  ae 
based  on  saaqialee  taken  frc»s  the  experimental  plote  at 
different   intervals  during  the  growing  season.     The 
results  are  expressed  on  the  moisture-free  weight  of 
the  average  middle  leaf. 
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I'lg.  TX.  The  Pero<iiitag»s  of  B,  P  and  I  In 

1932.  1933.  and  193^. 

The  figures  are  based  aa  analyeee 
of  eeaplee  taken  throughout  the  growing 
eeseoa  fr<MD  repreeentatlTe  plots*  Topping 
and  harvesting  dates  are  indicated.  To 
obtain  absolute  values  for  P,  divide  by  10. 
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Fig,  VII.  The  Milligrams  of  N,  P  and  K  in 
the  Average  Middle  Leaf,  in  1932,  1933  and 

193^. 

The  figures  are  based  on  analyses 

01  samples  taken  throughout  the  growing 

season  from  representative  plots.   Topping 

and  hajvesting  dates  are  indicated.   To 

obtain  absolute  values  for  P,  divide  by  10, 
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fig.  Till.  The  P«xe6&tagos  of  I,  P  and  K 

la  193*. 

Th«  figoret  ara  given  for  those 

plots  not  shovB  in  Fig.  TI,  and  are  baaed 

oa  analyaea  of  aaoplea  taken  throughout  the 

groviag  asaaon.  Topping  and  harreatlng 

data*  are  iadioatad.  To  obtain  absolute 

▼alasa  for  P,  diTlda  by  I®, 
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iJfi   ^^*  ^***  P«»o«Btag»»  of  I,  p  and  I  In 

The  f igozet  axe  glT«i  for  those 
plote  ttot  shovB  In  ng».  fi  and  Till,  and 
are  baaed  on  anaXyees  of  saaqplee  taken 
throughout  the  groving  eeaeon.  Topping 
and  harveetlng  dates  are  Indloated.  To 
obtain  absolate  TaXuee  tor  P.  divide  by 
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rig.  X.  Tb«  MlIlignM  of  9,  P  and  X  la  tht 
Average  Mlddl*  Leaf  In  19 ?'^- 

The  f Igaree  are  given  for  tboae  plote 
not  aliovB  la  Fig.  TXX,  aad  are  baeed  on 
aaalyeee  of  eaaplee  taken  throughent  the 
greelag  eeaeoa.  Topping  aad  luunreetiag  datee 
are  ialieated.  To  obtain  abeolate  Talaee  for 
P,  divide  by  10. 
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t\%.  XL.  riM  Mllllgraitts  of  I^  p  and  K  In  %tm 
Arethgm  Itiddld  L#af  in  195^« 

Tb#  flguTts  are  glren  far  those 
plota  not  shown  In  Flge^  711  and  X»   and  axe 
baaed  cm  axuilyaea  of  aampXea  talcan  throughr- 
out  the  grcHTlng  eeaeon*     Topping  and  harreat* 
lag  dates  are  Ix^loated.     To  obtain  absolute 
Talues  for  P»   divide  by  10« 

^•0.-  Plot    23    should   be   1/2N  P   2/3K   M.     • 
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VII-  ^  p1^ffoyl^^--l:>?  ai  ^n^\^ 


A.     Ctoneral* 

Ob#«rY&tion0  for  thr^e  ytam  in  an  experimmt  dealing 
with  aoll   and  plant   relatluaeuiv  s   In  actual  field  practlceii^ 
wjbere  all  vsriiiolest  ejcoej^t  %ht  one  beli%'  ^^tudiled  are  not 
subject   to  absolute  control  by   the   Investigator,   afoould 
be  very  C:-refuily  used  In  tae   interpretation  of  results. 
wautlv-5n  fishoula  be  ej;erclsBci  o^^caus^: 

1.      ClliGatic  factors^,   notably  ralnf>ill|   m^y  be  more 
Inflaanti^jl   in  effect   tiian  la   the  v^  rl^^ble 
bf^lmj  studied* 
?•      Xae  variation  In  ttie   natural  fertility  of   the 
soil   frora  f leli  clat   to  field   r;lot   aaay  account 

for  observed  differences* 

* 

3«     'be re   the   plant  I  tec if   is   being  studied,    tLt 
overahadowlng  of.   auoh  tulngi;^   as   tr  nelocatl  n, 
age  of  plant  and  degree  of  isaturlty,  dlscaees, 
cultarril  pri^ctloea,    and    inaccuracy  of  sau^pllng, 
:aay  mask   the  effect   of  tae   l^i^osed  conditions* 
in  such  experiments,    therefore,   the  ususl   procedure   l8 
to  t^x^^bX   the  eXf>eri;4Jient  m-iny    tiiios,    over  a   lon^<  period   of 
tlstte.    In  an  -tteoipt   to     vercoiiia   tne   Inaoouraclee  aaentl  ned 
above.      Statistical   handllug  of   tue  data  then  polnta  to  the 
elf^lfloant  factors   taat  are  c   asia^    ciifferoncee* 

In  view  of  the   above  facts   this  atudy  aiust  bo  con- 
sidered  the   flrBt   nortlon  of  a   lon^tl?]^  er;)erlf<3ent.      Final 
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vtrlfleattloii  of  reeultr.  muMt  K»n.i%  tlm  oompXttloo  of  th« 
••ireral  oyoXen  tfarougn  wnlcJci  tills  study  la  •obedulod  to  go« 
B.     THe  Soil* 

A  high  percentage  of  tot?   tobmoco  grown  In  Feiiiusi]rlTaal& 
le  produced  on  the  Ha^er»town  series  of  solle  which,   as  a 
whole,    le  considered   to  be  very  oroduotlire^      Tier©  I,    II, 
end  III  of  the  three- year  rotr.tloi!i  ?^re  located  on  seTeral 
typee  of   thle  Haikjeretown  eerleii«      It  is  difficult  to  deter--- 
mine  the   role  that   the  unequal  dletrlbutlon  of  these  eeweral 
typee  of  the  Hageretown  eoll  over  the  eTOerlmental  field 
playe   In  the   Interrretatlf^n  of  tne  data  from  theee  nlots, 
the  chemical,   physical,   t^ti€  colloidal  analysesi,  given  In 
Table  V,    of   the   soil    from  Tiers   I   and   II  oomT>ared  with  that 
frO!n  Tier    III,  would    IndlCEte   that   the  difference   in  in---- 
herent  fertility  of  the  different  plots  is  not  ^aarked. 
However,    the  re-ni  criteri^^n  of  variation  in    Inherent   fer- 
tility  is   the  data  fro?n  tht-   rf^r^licote   riots   5,    10,    15,    ?0, 
?5,   and  30,   all  of  which  receive   the  8a£Cie  baeic  treatment   of 
1000  lbs*    of  O-S-12  per  acre*      It  must   be  noted  tneit  riot 

# 

30  differs   from  the   other  re;;llcates    In  that   alfs^a  replaces 
clover   in   the   rotation. 

A  study  of  the   datr.   fro;/!  these   rf?rlioate  plots  reveals 
that   on  the   averare    the    Inlierent   fertility    r?  nge^   froa.  plot 
5,   the   lowest   in  natur.::!   fc.rtUity,   to  riot   2^;,   tns  hli'^hest 
in  neturrl   fertility,    and   decre^ises  sli^^htly   to  plot   30« 
If  a  line   be   drriwn   throurch  the      e;.ks  of   these   rl^'t?*,    as   they 
are  shown   in  Figure   II,   tiii^  variation  in   fertility  can  be 
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mM#rtalJMd»     Tbt  ouly  method  used  la  thla  work  to  dlscoant 
th«  variation  la  fertility  wae   to  refer  the  epeclflo  data 
wtxA%T  obeerratioB  to  the  atrrect  replicate,  conalderlag 
that  the  n^turel  fertility  prooeede  from  replicate  to 
replicate ^   as  th^   elope  ot  the  line   Jelnlag  theai.     The  no---- 
treatment  rlots^   I9  end  S9>    in^arl  ibly  give  tob>:Cco  yields 
which  are   the  loweet   of  rll  31  r^lote  on  eech  tier,   ahoBlag 
that  the   inherent  fr^rtlllty  I3  ot  3.  couv-nvntively  lot?  3rder# 

The  d£.t     in  Taole  ¥  shoi^  several  pertinent  facte  about 
the  aall  which  deaenr-    tientlon:      the  relatively  high  pH — 
8.12,   the  low  potass  lam  and  organic  m^rtter  contante,    xid  the 
high  calcluiti  content* 
C.      ilalnfidl. 

The   role  of  water   in  the  silneral  nutrition  of  plants 
and   in  nl   nt   i^aet^bolii^uT.  cannot   be   too  etrc^ngly  esBrha©l«ed. 
The   overshadow? In,'  effecte  of  rainfall,   both   rr^ount  an<i  die — 
trlbutlon,  arc  very  difficult   to    isolcte  from  the  Imi  ooed 
CDnditiono   in   fielJ   ex*'eri:^f  ati%      The   r;  inf  11   for  each  of 


the  three  yea^^rs — 193?»   1?33>   and   1^3'-%   clurin.^    which  thl 


B 


work  i^as  conducted,   w^b    v.ove  norrr;:!*      Of  these  periods,   the 
r^inf^ll   of  1932  ann   1S3^^  devl-ted  Bli-ntl/   from  nor-i^al 
wMlW   that  of  1933  devlttei  ^rc^ttly.     tlti.   regar a  to  tas 
time-diatributinn   of   r?rln,    th*:   1^^^^  grot-ln:.-    aeascn  was  com-^ 
p^pratlvely  lorig  because    of  dry   intervals  esvecl   iiy  at    the 
beglnuin^^  of  the  ui^uuon  jusi    Jt^i   tr.ns^  1  ntlng;   the?  1933 
distribution  wa.    f?.irly  ^jood,   but   the  qu^^ntitles  rr-re  great; 
the  1S3^  distribution,    on  tue   other  hand,   wa/^   conducive   to 
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good  growths 

0«     Sfjnplldg  for  Chesilosl  Analysis* 

The  expediency  ol  tha  )i&€thod  cf  eampllag-^-elevea 
leaves  ttken  st  the  SiJre  relative  position  on  the  plant  from 
eleven  different  plants  on  each  plot— alght  b©  queetloned 
becfuee   the  effects  of  ai^^turlty  and  age  of  the  rl»^nte,   the 
effects  of  cultural  r  r^^ctlce^,   each  as  topping  and  sucker Ingg^ 
the  effects  of  dleeetes,   the  effects  of  tran^locr^tion  of 
fldneral  nutrients  within  th(^  plant,   and  tae   effect  of  pre- 
vious crops,   are   reflected  In  the   samtlts,    tof^tner  with   the 
the  effect©  of   tne  verlr^uB  f«.rtili2er  tre  tisent.     This 
method  of  ea^ipllng  ^-c^i  a^optei  bee  uee  of  lack  of  facilltlee 
for  LajiClini  either  larger  na.i.bera  of  leavte   or  whole  plaints* 
£•     The  Effects  of  Different  Field  and  fertilizer  freataf^ents* 
1.      On  Tobcccc* 

Theee  effects  i^ill    flrct   be   dlsougsed  ur^der  the 
several   gub-^rcuplngs   into  vmicr.  the  Vfirloas   treatments   fall. 
Then  they  ^111   be  coneidered  as    a  ?rhole»     The  criterlci  which 
will    bt    uBcc    rcr  aEcertcinln.    iut   dlfferencers  Cauee     by 
treet^uent   ^re   the    ylfld,    tne  <:,u-rlity,    ti.e  growth  char*xter— 
If; tics,    the  dry  weight,    rn!   the   f^bsorption  of  nitrogen, 
phosphoi'ue,   and   pct&e.  iua»  considered  from  the   vle»rolnt8   of 
botn  J  erccntr4^f    and  iiill;  igrrms  abi  orbed  per  leaf. 

e.     Then   ihf:   c-m>  nt   of  nitrc;»en   In  tht-  fertiliser 
lo  v&riad,   nhosphorus   ^nd  *  ot^n   iu^  bcim    const   nt:      idot  ^t 

P  K;    6,    1/2N  IK;    3f    ^  ^  ^    7,    3/^11  P  K. 

From  the  vlerf^points  of  yield,  dry  weight. 
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<tlMillt3ri   an<J  growth  charaoterletlcs,   th#  tjrta%«Jiit  of  t^lot  3 
imdoabtedly  I0  the  best  of  trils  group*     Uteordl»g  to  tht 
perotiitage  ab«orptldit|   no  np-r'nrent  Q^ytrtl^tl^n  nxlett  b«tv«ea 
the  a-rrOOBt   of  nitrogen  a-^^.  'lied,    ^.nS   th^  ^.^otiat  of  nltrogeUt 
phOB'-^horus,    and  potes?lum  a%«orbed  by  the  plant;   aecordlixg 
to  fiillllgr^ms  -^^T  le^f,   :lnt  3  1^  conanlcuou©  e^  hairinf 
absorbed   the    rest  nitrogen,  ^^oitptoras^   r^M   rctassluni.      This 
soar^ewhet    Indicates  th.e   fact  thtA.   the   f.r^^unt  of  nitrogen^ 
phosphorus,   ^n^  pot:5^eluai  •be'^rbe(?  I?*  net  neeesscrlly  pro— 
vottitn^l   to  thr   r mount  aifwll^d,    bi3,t  th^^rc   tbt-    ratio  03- 
balance   of  tfec  nutrlenti:   in  tic    fertiliser  Is  a  more  limot^^ 
t^nt  conaiderf^^lr^n*      It   -1?!':*  Indlcstf!^  th^^t   for  fU^rp^J^^^t^  of 
Camparis  on  of  trents^ente,   thi   tot^l  BjROtint  of  nutrients 
absorbed   ih  ;:robably   f    better  criterion  tt^n  In  i\  percentage 

b.      Wl  er   thf    -EKMjnl    of  phcsrhcrur   In  ttir   ferti- 
liser li.  variec%  nitrogen  ».nd  :ota©^lu!s  being  conctfint:      plot 

tlth   this  klrl   cf  tret  ert   riot  3  Is  agalft 
the  l>.t:it   v/tici:.  judged   frii:  yields    dry  weighty   quality  :nd 
grorth  ci.frrictrrlatici?   drt^.      On    ttt   p eitjentt^n^e   bnslSi    no 
ar:>inartent   correl ration   c^iir  t^   nct^een  tr.e   .::^cunt   of  nitrcgen 
i,..b£rrbcd  *  xif-  jl'^cvhcrui-  aprlUii    hut   there   Is  v^o^m  c^r — 
rolat.i:^r  w/i^vn   judged   by   ih'^    -  il ''.  l-.rr^::  ptr)dnrc\     The  abarorp— 
tlon  ol    pl.or^  iiorus,    fro^.  b-th  fi  1  .-.rcei.tt^  5.nc!   u  .Allir:Tt.m 
yiiv  laiif   etMidard,    incre^  ^ei,    in  the  plsnt   a#   it    1:.  npplled 
to  tuL   eoil^    inUOf  ting  taat   a    U.ck  of  pno-^  hovur   Is    :   very 
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lisqportaxit  lliaitltig  f&otor  In  tae  growth  of  tobacco  on  this 
particular  soil.     As  far  aii  potaaidua  abgorptlo©  It  con — 
cerned,   perocntiiga  viewpoint,   it  will  be  noticed  tiiat 
potaasiui^  for  tixe  most  part  e^Klsta  i^  greater  pereexit&gee 

on  taet  lower  pnogrnorus  rl<^t»;   by  tlie  i.ailigram  et^iMarcl^  tbe 
data  eee^e  to  indicate  that   tut  potsisiaas  absorption  in — 

creas^e  at.  %lb  .piiOgpUorus  applications  Increase*     tnis  Oatn 
be  accouxited  for  by  tlie   increase    in  dry  ?ielght  that  ajooo»^ 
paiiie0   increasing  applicE  ti^^ns  oX  pho^^ihorus*     Undoubtedly, 
pbosphorus  is  '>ne  of  tue  ..Os^   i.uj  ortant  of  the  linltlng 
i'aatora   in  grotth. 

Om      ^beii   tue  af-jouDt  of  potajBalum  i«  tne  fertl--^ 
liaer  is  vcwried,   nitrogen  Bud  plioephorue  being  constant:    plot 

Under  tLes^'  conditi  ns  plot  3  gi^««  the 
higheet  yield;  raot  4,  the  Li  hest  c^iallty*  There  Is  no 
correlaiion  for  the  percentat;c    of  nitrogen  absorbed  and 
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potass lurit  <ii    lied.     Koveveit^  there  see^^ti  to  be  an  inverse 
r0lation«i..ip  bet«eeij   j.Qtadiiaiui.n  applied  oxi::   nitrogen  absorbed 


when  con»iaerir.'X  tot 


^dr<  l.^r-'.:^n»      ?her"'   -seeras   to  bv   no 


correlation  bt^ti^eeu  pUoi^Thorud   s.beorbed  and    >otaeBiam  applied^ 
thougii  plot  3  ^^d  absorb  a  fair  amount   of   '  iioephorus#      The 
pot&ssiui^  ib  absorbed   in  a  dii?*ct   rclr tl*)r.Bi:ip  to  the   amount 


applied 


k  balance   ni    nuirietitn   in   tiic    fertiliaier, 


such  ac   occurs^   in  the   tre-  tiieiit   of   plot  3   (b-t:^12}>   Is  isiore 
favorable  to  iiigh  yield,   quality,    huA  absorpti  n  of  nutrients 


I  ■ 


M 


I  c 


.,  .1 


i; 


I 


c^ 


than  li  auy  other  cent Ide rat ioii  In  the  fartllltatlon  of 
tcbfcoo  on  thi«  noil* 

Am     *tieii  the  aaoustt  of  thm  nn,fm  tertiliwrnr  la 
▼arled  and  when  apr>lled  In  thr*  row  and  broedcaat: 
riot  IX »    l/?ll  1/^P   1/PK-B;   3,    !!   F   K-B;    12,    3/2K  3/?P  3/2K-B; 


plot  16| 


*  -R;17,    •   »   «-H;   16,      » 


•     -R^ 


The  yields  ooourr^d  la  the  folloning  ordo?! 


1R»  17f   3f   l<^t   12,   11  •      In  other  wordi^>   the   row  trej^tments 
of  1500  and  1000  poun40  ar@  Buperior.     ?h.it  1000  pounds 
broar!et'?Jt   in  also  a  jtood  treatrrient  ae?  f^i*  ai^  yield  lei  oon*— 
earned*      In  f«ct  Ig  wae  the  !il;^he«t  yleldlnjT  r^lot  of  nil 
plot«  exceft  In  193'J  isrhtri  It  ^^as  gurraa^ed  by  plot  31,     Thl 
naae  or&BT  with  few  exceptlnn^  hold©  for  quality*     In  moet 
lnst»nceri^    the  remount f-   of  nl.tror'^n,   ^'>hOf?^\hr»rwj^,    5^ncl  r^nt**©-— 
elum  s^,brorb^.d  vary  dltectly  with  the  amounts  itpplled*     Row 
tre?^t:r^nt   :*ave  sllrhtlv  hip^h^r  '''»^*mmtr  nf  nitror^n  -^hf^-^rH^dl 
tiipn  dl'/^^   br03dr??j^^   trerta^s^nt,      Fho«^  h^ruf   nnd   **nt5*saij.!?»,    on 
th«  other  hnnd,   '^ere  abgorbec*  about  eoually  well  bv  either 


s 


treat  •"j<='nt« 


e.      ^/her   lir^^e   Is   ^♦:^'"i^ert,   nitrogen,    pa^o^^^hnrus, 


fud  pnt:i?!5iu':^  beln^:  C'-^nstr^nt:      riot   3,    «  ^>  K;    13,    f?  p   j  i^ 

Tlel^l   ?'tv^   '^i^^lSty  dat'>   -^ntllcatc   that   liming 
is  Tint,    brneflcl'^l.      '^hlr   l:^  to  bet   expected  wr-en   the   hi,e;h  pH 
of  the   GOll  iB  c^^nH^eref.     T]\e   '^..\ff^  pl'^t   Bhrf'^^^   t^^  hi  -her 

nerc   Tit'-'  -^  of  nitro^f-'n   •  l>--'''^vb^^''V    hi^heT  rotr^f!.^l!ir  ^-^bsorrtlon 
by  botr?  pe  .'C*^2:rt-  -^e   tmd      illi^vr..:  otciridtirds;    unl   less  phos-- 
ohoras   t-ken  in  by  th<«  pl-m*-.  ^y*vn  both  ^vn;'*le^.      Pe-^h-^'-^s   this 
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0Oiiditlon  can  i>0  accounted  for  by  the  ttloiulatlon  i^  the 
XlM  of  the  ailcrc^organlo  population  of  the  eoll»  liberating 
nitrogen  end  poteen luw;  but  the  ej^eee  of  calcium  mOcee  soil 
phoephorue  more  unavailable* 

f.     When  2/3  cf  the  nitrogen  le  applied  as 
nitrate  of  eoda»  nitrogen^  phoaphorue,  and  potae^luai  being 
oonatant;     plot  3,   Ji  P  1—2/3  of  the  nitrogen  froai  cotton 
seed  sMal;   l^t  »  P  K,   2/3  of  the  nitrogen  from  nitrate  of 

soda* 

field  and  quality  data  favor  cotton  seed 

m^l.     This  aay  probably  be  accounted  for  If  the  organic 
matter  of  the  cotton  seed  ^laeal,  and  the  effect  of  nitrate 
of  soda  on  calcium  airalllblllty,  are  considered.  The 
percentage  of  nltroj^en  firom  the  nitrate  of  eoda  eurpassed 
that  absorbed  from  the  cotton  aeed  meal  as  the  plant  matured. 
The  percentage  of  phosphorus  aDeorbed  was  Increased  by  cotton 
seed  ^eal,  as  were  also  the  percenta.  e  and  iillllKra^iia  of 


potassium. 


g.   ^hen  alfij^a  rer>lacee  clover  In  the  rotation: 

29  versus  19;  50  vereua  ^i   31  versus  3. 

The  data  for  1932  cannot  be  considered  la 
this  resncct  because  no  crop  ^receded  the  tob:acco.  The 
yield  ana  quality  date  of  1933  and  193^^  would  seeiB  to  Indicate 
that  alfajfa  is  superior  to  clover  In  thf»  rotation.   On  the 
whole »  more  nitrogen,  nho^phorust  and  rotassluai  were  absorbed 
on  the  alfa^a  plots.   Pernaos  this  Can  be  explained  by  the 
fact  that  alfafa  would  put  more  organic  matter  Into  this 
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stlatiToly  poor  80111  and  alto  baoause  the  growth  of  alfafa 
it  favored  by  the  high  pH  of  the  toll« 

h«  When  iaanure  It  applied^ 

It  thould  be  noted  that  manure  adds  not 
only  organlo  flatter  but  alto  oome  nitrogen,  phosphorus,  and 
potastluia  to  the  toil*   If  the  manure  be  considered  a 
•  5**25**«5  fertlllsrer,  a  ten  ton  application  of  inanure  would 
add  100  Ibt,  of  nitrogen,  50  Ibt.  of  phosphoric  acid,  and 
100  lbs*  of  potaah;  a  20  ton  ao  Heat  ion  would  dmible  thete 
figures*  In  interpreting  tha  data  on  botli  the  :aanure  plots, 
and  the  fertill«er  plus  manure  plots,  these  figures  should 
be  kept  in  mind*   For  exaj»r>le,  plot  2&   was  treated  with  20 
tons  of  manure,  thus  adding  200  lbs.  of  nitrogen,  100  lbs* 
of  phospaoric  acid  and  200  lbs»  of  potash;  plot  22   was 
treated  with  10  tons  of  manure  and  1000  lbs«  of  3-e5-12;  tnus 
130  lbs.  of  nitrogen,  130  lbs*  of  phosphoric  aujiJ  and  220  lbs 
of  potash  were  added*   It  can  be  se  n  that  both  of  these 
plots  have  more  nitrogen,  phosphorus,  and  potassium  added 
in  their  treat^aents  than  do  any  of  the  plots  treated  with 


fertiliser  alone. 


1'*   ..•  and  varying  aasounts  of  iBanure 
used:  plot  27,  ii;  2S,  2ii. 

In  %11  Cases  plot  28  gave  a  higher 
yield  than  plot  ?7  *hila  the  quality  was  aoout  the  same. 
More  nitrogen  find  more  notassiujm  were  absorbed  by  2S   than  by 
27,  while  there  seems  to  be  but  a  slight  correlation  between 
the  amount  of  ohospaorus  absorbed  and  the  amount  of  i^nure 
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a|qpli»4.     the  phosphorus  ahsorpticm  waa  relatively  high 


In  both  casM. 


2K     When  a  oonetant  amount  of  manure  le 


needt 


a*«   ««.and  Tarylag  aatounta  of  cosi---- 


aerelal  fertiliser  ap?^llM:  plot  ?4,  l/ku   1/2F  1/2K  Kj 
22,  1/2S  P  Z  U. 

A  ooaparleoQ  of  these  two  plota 
Indloates  that  on  the  average  the  more  cow&erclal  fertiliser 
added  with  aemire,  the  greater  the  yields  and  the  better  the 
quality*   Aa  far  as  the  pcroentage  of  nitrogen  absorbed  Is 
ooneenUld,  there  eeeme  to  be  no  oorrelatlon  with  the  treat«»- 
went*  But  fro»  the  allllgraiB  viewpoint  more  nltrogem  seems 
to  hawe  been  taken  In  with  the  Increase  In  fertiliser. 
Howewert  «o  much  nitrogen  Is  >:ire«ent  In  the  asanure  that  the 
additional  13  lbs.  on  plot  22  do  not  seem  to  sake  much  dlf-** 
ferenoe.   There  seems  to  be  no  apparent  oorrelatlon  with 
phosphorus  absorntlon^  but  more  potassium  la  absorbed  where 
the  greater  amount  of  fertiliser  la  aprlled. 

b*.   ••»dnd  varying  amounts  of  nitrogen 
In  the  oommerolal  fertiliser  api^lled:   plot  21,  1/2P  K  M; 


2^,  l/kn   1/2?  1/21  M. 


The  difference  between  these  two 


plots  with  resoect  to  yield  and  quality  Is  very  slight.   This 
Is  apparent  when  one  considers  that  the  difference  In  the 
treatment  of  these  two  nlote  Is  only  I5  lbs.  of  nitrogen. 
The  correlation  between  nitrogen  and  pbospaoras  absorption 
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and  tr«fttMat  U  not  apparoat,  bat  thtrt  do«0  sees  to  bs 


iV 


•ore  pota«alu«  Absorbed  there  the  greater  ajuount  of  nitrogen 
wtM  uted. 

o*.     ...and  Tarying  aaoonts  of  potae — 
elan  In  the  coaoaerclal   fsrtllirer  a^Tslled:      plot  ?3,   1/2N  p 
2/jX  I;    22,    1/2H  P   K  3«;    36,    1/281   p   H/3K  M. 

Plot  ??  ga^o  the  highest  yield 
Indioatln^  that  the  balance  of  nutrients  In  the  fertilizer 
l8  Important »     the  quality  dlfferenoee  among  theee  three 
plots  is  not  marked.      On  olot   29  the  ajllllgrajBe  of  nitrogen 
absorbed  eere  slightly  higher  than  on  the  other  t^-o  rlota, 
as  were  also  the  isililgraais  of  absorbed  phosphorus.     A 
oorrelatioc  seeass  to  exist  again  between  the  arsouat  of 
potass lui2  applied  an 3   th2  amojnt   absorbed* 

In  fill   of  these  oaaes   thore  aaaure 
was  sur    lemented  with  commercial   fertiliser  the   smounte   of 
thB  fertilising  elements  were   all   cofnparrtlvely  high  so  that 
a  ©light  variation  In  the  amounts?   of  any  one   of  them  did  not 
8W«m  to  have    my  marked  effect    on  tn-  criteria   uriiich  were 
studiede      r-rha;^s  phogphorua,   hexe   again,    is   the   only 
lifliitlng  groirth  factor  altnou,^h   the   nitrogen   le   relatively 
high  for  the     roduction  of  ^oo<^      igar^  teaf  tobacoos     There 
eeeaae  to  be  no  limit    to  the  amount   of  potassium  which  can 
be  applied   when  one   conBlders   that  potassium  probably  gov-^-- 
erne  quality  more   than  doeB    my   one   minor'?!   ele^^ent. 

1*     When  nothing  is   applied ,   when  %uMiTe  -jlone 
la  applied,   when  fertiliser  alone    is   arv-aied,    .«nd   ^hen 
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ftrtlXlser  and  mwaxxtm  are  applied* 

4  study  of  the  data  from  thB  untvdat^d 
plots  shows  the  a^^vantage  of  using'  soLia  kind  of  ftrtlllser 

tjreatsaent*     Thle  can  oa  seen  sben  plots  S$  and  19  are  coai 

pared  if  1th  all   the  other  olotc?  td  th  respect   to  yield,  growth, 
quality,   and  ousoeptibillty  to  disease.     Ifhsn  aianure  alone 
is  used,   a  ?0  ton  application  glYes  fair  results,  irhile  a 


10  ton  application  glTes  only  ^iiediocre  resaltes*     Coi%iiercial 
fertiliser  alone,   on  the  other  hand,  gaTe  the  best  results 
of  this  study  espect^Hy  when  the  ratio  of  fertllijging 
element   r/as  6-S-12  and  ap  lied  in  amounts   of  iOOO  or  I5OO 
lbs*  both  in  the  row  ana  broadoaat*     However,   when  coriimerclal 
fertiliser  Is  used   srlth  Jinnure   the  increases   are  marked  and 
apprcuch  very  closely  tne  nigh  yield  and  quality  that   result 
from  the  use  of  commercial   fertilizer  alone*     Wto^.  -  prao — 
tical  standpoint,   it   is   -»dvlsabl:;   to  use  rsanare,   it  it   is 
available  and  inexpensive,   supplemented  ^ith  b.  ccuiiurcial 
fertiliser  high  in  phospLorus  bnd  rotassioisB* 


4.« 


The  effects   of  tiie  various  fertiliser  tre?t.ioats 


on  ;?rhe-it. 


The  only   factor  atauled  '.tith  xe^n^xd   t::  ■^hci.t  «as 


the  yield.      All  plots   received  a  treatment  of  300  lbs.   of 
lb%  superphosphate.      Tho  carry-over  effects   of  tne  tob  ceo 

fertilisation  was  most  marked   on  the  miinure  plote*     8ur~ 
prisini.:ly,    th?  CB.rry-ovor  effects   of  the   ro^^   treat-cent, 
whloh  one   woald  expect   to  b*^  detrlm^^ntal,   ^ere  net  si?arked# 
HO'iever,    tha  date   are    rrthrrr    Mia-'ir  for  any   definite 
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03QoXui}iou8  to  be  drasra  with  respect  to  vluiat. 

3*     7J^«  effects  of  the  various  fertiliser  treattttente 


an  olover. 


There  3ae*a6  to  be  bat  little  correlation  between 


the  olover  yields  and  tiie  tx«rtta>t5nta  aaicxi  were  given  to  tiie 
tobacco  two  ytjtra  prl^r  iu  tLe   rotation,     the  oeat  yiolda 
ot  clovor  ware  obtained  fraa  ti^e  first  7  or  £  plots  ^iiiah 

had  received  commToUxl  ftsirtili^or  alone* 


'U      iii^&p  itulmt  1  oa« 


/ 


It  seeuiB  ad¥i«iibi@   to  gi^e  bar^  a  re;iu:^  ox    the 


lengtxvy  difeiCua^lviU  ^aoir«Je 


iUe  hlglicn.  yielda  wexe  obtaiaea  ^a^jxa  1^10  and 


iOOO  ibse   of  i>-S^12  ware  asc^U,    fDilowea  by  a  cauibixia^iDn  of 

fiifetliiiiex  arid  .imriure,   20  tOAa  of  ^a^oiare  alouet   ^^^  1000   lbs. 
of  6-»o-12  broadctist.      iVh^re  uli'^T/,^  m^tz   iu  tue   rotation  aiid 
iiKX)  ioae   of  6-*fi-»12  applied  tae  yield  ^/la^sj  also  hi^ii*     Cotton 


seed  rn^ul  «»pe&ra  to  \^ks  ii  au.axior  carrier   of  nltra^eu   tu 


an 


ie  nitr«te  of  sodae      Liming  is  not  i-aliifal  on   the  soil 
8tu(iled# 

rne  higneat:   percent d^^e  of  wrixpr>era^   wnich  is 
indicatlTe  of  quality,   ^Mi^t^  obt^iaed  fro..!;  tLcse  pioto  treated 
with   fei'tili2;eir  :  las  i/ianare,    &iier<j   i^air^^ii  uRoant^i  or  potao— 
diaa  tt«pi:«:j  iAppli^d^    ana  '^Ix^Xii  t*.^   fertiii^&er  it^-ii*^  appiieu  in 
tLe   row.      The  otlier  cxittsria  or  Quality — burn,   ela^ticity^ 
oou/t    and  color  of    thC;  oured  leaves — b.ido   iudiouLij   iimt    row 
trea^tjiiant©,   Xa^gt*  u.^out\%m  ol  patasulma,   una  fcrtiii^^ar  ^ia^ 
^lanare  are  best.     i.»itii  r^^arJ  tu   tue  fieia  ouGuxir^tlona-- 
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^a«r^a>  a-^lar  qi   tao  gret^i  plant,   atid  dogro.i  of  «itufl4y-^ 
jr<w  lip^jliaa^iaiii^  «;;oji.i4^rolai  fcrtlllstr  pian  ifii^uite,   ^ujd 
alfaia  inalu4ei  iu  %ae  zo%.%tioii  ^^are   tim  momt  favorable 


(73f  7'0. 


yjje  dat^  B^i^'u  t^  InliQnt^   th^l   %a^^  gre't^:^^ 


piioras   la  ^^£^2.^2    ti.e   .*.c:;'iE'   II.aUIuj  f:^atr}£    In   t^e  ^ro's^th  of 
ini^   t>jO:jQOO  pliant   01:.  ti.<>   ii:)ii-3   --^alca   ^aT^.   uae  i   ir:    tul«   atady# 
^ko^pharaft  ^a.>i^  ^^i5orbe>   tc^  ict^  gx-5iitai;t  jxtcnt   c^    me  pi  .at 

ftni  i:kf.uft   ^Hve   u.i--pllci»     rot..  Si  la:..  ir-:tc   utt:^rte-u   ty   t:»e   ;;lnjnt 
al^iiOiii   la  uir^ot   xtlio  to  tf.i      ^^ount  q;>plled   In  tfca  ferti- 


liser*     la   tUi.    Ci;i«jr   a.ti:.ti:.i;i;^,    tir;;;^!^    t:^:.^  #f 


*••■  ^A  *  •  ii^  ^   »* 


t,Jito©Ui4l«- 


ot^fe   ia;.    li 


i         iri.V 
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It   aecd:ii    tt..-,l    the?   ftbrolutc    ^c^runtX   of  nltro^'^n. 
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i-ii.iion  to  ^vdlor    tLLu  WM  th«  t^-^c^-^^^^c 
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tie  leaf  when  tae   Interrelatimahtps  of  abr,OKrntion  mt^ 
toeing  studied^ 

fh^  ^heat  an*  alcver  data  show  no  slgnlfiomt 
dlffaneno««. 

F,     7he   Absorption  of  Hitr^^^on^  I^hoipIiOrun^    an5  '!^ot'ASalum 

In  this  atady,    th,e  4ry  weight ^   .linJ  the  parcantag^iJa 
and  zllli^raM^n  per  laaf   of  nitr^^an,   ph3'*^ri^^>tas,   nnd 
,;'0ta33i*ai4   ^r  an.riolaa    t..i;en  durla,-;  the  gi^o^'ing  seaaon  from 


plots  i,    5,   5>   ^^^^^  '^f   ^-^  ^'.re^i  yaars,   ani  fro.:i  plot  1^   f^r 
t':j  /oar>5   vz-ira   aa':^d*      Mot  1   la  consldored   to  nave  beoa  ^i 
:;  P  plot^    altaougi  hO  lb8*   or  potaah  aaJ   been  added;   plot  } 


1b  co/iijidartid  tlr)  d!!iT:lntc5  nutrient  rl,)t — 


-.  5-     ^-'    T( . 


/Ti       I.'       i 


ilot. 


:>l:it;    plot^o,    a  J*i   t  pl^t;    an:    pl^t   19t    aa   ^  ch^ok 


A  eta.]y  or  tao   dat     sBot^  to  reveal   tha   rollD::ring 


;>Dlnt*5: 


on  Sae   Lver.a^jc,    the   dry  ^-^ijht   aro-laoliDa   for 


tAi:3..i  yaarK    *3lla:7a  ilabl^-^c^  lAV^    in  173^  Ci3   far  ua  abuorp-^ 
tlOii   or  ta3   nat.fl^.ata    i«i  cancarxiid,   Liebi^'a  law  aold^    in 
tiu<3  ^.jjorlty   of  oaseg;    in  1933   ^^^^^  193^^'  the   variations  are 
so  gxtat    taat    the    la«*    ij   u^'iiiicr    aabbtaiitia ted   nor    i.-;   it 
iiiVi*lldate1»      in   fiai  I   experijieat^,   i^ieulg'a    -'Lu*  ol   tiiU 
linl«a:ii'^*   caaaot   oe   ioiiotpitrjl   lae<iljL^    oao:±di'4^   uumy   on^^oa-- 
troll<iQic   va."labi^;;b   <jatar   iutD   tiie   ..^iutax:;;   af  ta^  abaorptloti 
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prooesaaa  or  tu<:.  a&vaxtil  nutrients* 
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vni.  -  %»iffftry. 


t7xkd«7  th«  ll»lt«tioQ«  of  the  axpeirlttental  oondltloa9<»-> 
olMcrratlons  tsJten  over  the  relatively  «iiort  nerlod  of  thre* 
jf««jr«^   irarl#tlam»  of  toil  jt«3rtlllty»  and  tlxe  effects  of 

» 

dlseaeee^-^the  following  facts  appear  to  have  baen  estab— 
lialied  about  the  f^^rttllfcitlon  of  tobacco: 

1«     Fhosphoras  le  the  greatest  limiting  factor  In 
the  growta  of  the  Dlnnt  on  tlie   soil  etudled. 

2.  6^6^12.  eee^ie  to  b#   tae  beat   ratio  of  ferti- 
liser elameiits. 

3.  Fifteen  hundred  and  lUOO  Iba*    of  bS^lZ, 
upplitJd  in  till;   row,   give  tLe  beat  ylelda  with 
good  Quality^     A  cOiiiblDfitlon  of  10  tone  of 
^itoiure  and  lUOO  lbs.   of  3--&-1?  constitute  a 
good  treat^cit,     i*ikewise»  lUOO  lbs*  of  6-S-12, 
broadcast^  g^i^e  good   results,   eareclally  when 
alfa!3rr#   occurs  in  the  rotation* 

%t     The  potasaloiu  abt-orntl  n  o^    tlue  pl^iit  varies 
directly  wltu  the   amounts   applied   in  the 
fertiliser. 

5#     The  aaaount  of  nitrogen  absorbed   is  the  highest 
Khere   either  oaoai.horua  or  rotas   lu®  Is 
omitted   from  tue  fertill«ert   ^here  alf^a   ie 
ueed   In   the   rotation,   .ind    iff*ex*e   rnanure  alone 
la  uead« 


7^+ 


"I 


6*     The  phOBphoTUiB  absorptlofit  is  greatest  vhare 
mithmt  nittogitm  or  p0taji^jlu«  iu  omitted  from 
the  fertUlsser»  euere  aif4'a  in  ueedy  wbere 
manure  la  ueed  .%loiie,  and  niiere  fertillier 
plue  ^fiiiiara  is  ueed« 

7»     Lleblg»«   '•Law  of  the  Mini«juai*  does  not  hoXd 
in  all  oaaea  atu<ila<l« 


■5 


lb 


ix«  *-  #>^tfyn»4iCT»^^f 


The  author  takes?  tills  opportunity  to  ejcpr«««  his 

MiiM%t%  a^ppreolatlcm  to  ;)i%  !)•   ?.•   Haley  for  hi®  rmnf 
helpful   ©oggfestlona  durltig  the  cojixa€   of   this  work;   to 
Mx»  Otto  Olson  for  lila  kiui  ooopera^tlim  Ixa  tbie  conduct  of 

these  ^xperlme-fita;    ^wi  to  oevartl  other  friOB-da  miko  aided 
in  tb6   preparstloa  of  thl«i  sanuaoript. 
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X.   -  Btbllograpliy 

191$»     Tobaefto^  XofXa#ii04i  of  Hirtlllstra  cm  Gom--^ 
potltion  and  ^^allty. 
Ohio  Agy*   Iitpt*   3«a»  Bull*   2{S§, 
2.     Aiidoraoii»  P*  J« 

19S9*     Soil  Hoaotion  9tudla^  cm  tha  Uonnaotiaut 

Tob^ooo  Gt^* 

Joax*  Aiaar*  Soo.   %ro»  21:     1%6# 

1928#     Raport  of  IfoiNwooo  Sabatatloa* 

OaiiB»  Agx*  £xpt«  Sta«  3all«  299« 
4*     Andaracmt  P«  J#9  dwanbaokt  t*   a«^  straet^   0.  £.^  at  al« 

1950#     Tobacoo  SulMtatloa  nt  Wlndaor  Heport  for  1929# 

Coim.  Agr«  £xpt#  nu.  Bull«  51i» 
3*     Andaraon^  ?.  J.^  Saanback^  f.  A*,  dtraat^   0.  S.^  at  al« 

1931*     Tobacco  Subatatloa  nt  i^lndaor  Haport  for  1930# 

Coaii.  4gr»  £jEpt«  3ta.  Ball*  3^* 
6*     AndaraoBi^  f*   J.,   BwanbBCk^  T«   R«^  and  Straati   0.   £* 

1932*     Fotaali  liaqfuiresiaBta  of  tlia  Tobacco  Crop. 

Coam.  Agr*  Sxpt.  Sta*  Bull*  33^* 
7*     Aodaraont  ?*   J*,   daanbaok,   T.   R*^  and  Street^  c»   S* 

1932#     Tobaooo  Subatatlan  ;^t  flndaor  Raport  for  1931* 

C<mii*  4gr*  Sxpt*  3ta*  Bull*  333* 
fi*       Aodaraoot^  P*   J*^   3aanback|   T»    R*^   and  Street^   0*   iS* 

I93^#     Tobaooo  SalHitation  at  Windsor  Haport  for  1933* 

Conn*  Agr.  £rpt*  Sta*  dull*  359* 
9*     Anaoal  Raviav  of  Biocheilatry* 

1932-i935*     Vol*  1-^* 

Stanford  Univ*   freaa^   Stanford  llnlv.   Cal* 
10*     Aaaoclatlon  of  Official   Agricultural  Jhemlgts* 

1931«     Official  and  Tentatlye  i^thoda  of  Analyala* 

A*   0*   A*  C*   Waalilngton»   u.   C* 
11*     Bartby    M* 

1891*     enter auohungan  Ton  In  Elaaa^i^asOjf^nan  Tabaken 
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